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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

SUMMARY OF SPIN AND RECOVERY CHARACTERISTICS OF 12 MODELS
OF FLYING-WING AND UNCONVENTIONAL-TYPE AIRPLANES

By Ralph W. Stone, Jr. and Burton E. Hultz
SUMMARY

A compilation is presented of free-spinning model results of '
investigations of the spin and recovery characteristics of 12 flying-
wing and unconventional-type designs. The results were obtained from
dynsmic tests in the Langley 15-foot free-spinning tunnel and in the
Langley 20-foot free- spinning tunnel which replaced it. Dimensional
data, mass data, and three-view drawings of the free-spinning models
which correspond to each of the 12 airplane designs are presented. The
model test results presented include the spin and recovery characteristics
of each model for various combinations of control deflections and for
various loadings and dimensional configurstions.

.The results of the spin-tunnel investigations indicated that the
effects of control setting and control movement on the spin and spin-
recovery characteristics of the flying-wing and unconventional-type
models were affected by changes in mass distribution in the same manner
as for models of conventional configurations. For mass distributed
chiefly along the fuselage, aileron-with and elevator-up settings were
conducive of the best recovery; whereas elevator-down and aileron-against
settings were conducive of the slowest recovery; for mass distributed
chiefly along the wings, the converse was true. The influence of mass
distribution on the effect of directional controls was dependent not
only on the yawing moment produced but also on the accompanying rolling”
moment if the rolling moment was appreciable. Recovery techniques
required were similar to those of conventional configurations except
where unconventional-type control surfaces set up unusual moments when
moved for recovery. The models generally recovered from inverted spins
as readily as from erect spins and it was indicated that wing-tip
parachutes are an effective means of terminating spins in an emergency.
Although the results were not sufficiently extensive for evaluation in
the form of a design criterion for satisfactory recovery, the data
presented should help designers of flying-wing and unconventional- type
airplanes anticipate probable spin and recovery characteristics.
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INTRODUCTION

The results of investigations of the spin and recovery characteristics
of numerous models tested in the Langley 15-foot free-spinning tunnel and
the Langley 20-foot free-spinning tunnel during the years 1935 to 1946
have been used to establish empirical criterions for satisfactory spin
recovery (references 1 and 2) which are generally applicable to airplanes
having mags distributions typical of this time period and which are
considered of conventional design (that is, having both horizontal and
vertical surfaces at the tall end of the airplane). The results of
several designs which may be generally termed unconventional or flying-
wing-type configurations were also available and, because of increased
interest in unconventional high-speed alrplane configurations, it appeared
desirable to evaluate these available results to determine criterions
for satlisfactory spin recovery similar to those evolved for conventional
airplanes. Because the flying-wing and unconventional-type designs often
utilized unususl and different methods of obtaining directional control,
it was not possible to evaluate their spin-recovery characteristics in
terms of a vertical-tail design parameter (tail-damping power factor)
in the manner used for conventional designs (reference 1). Also, because
of rather limited data available for these configurations, an alternate
effective parameter could not be developed at this time. Results
available for 12 designs of unconventional and flying-wing-type config-
urations have been summarized, however, and the more important spin and
recovery characteristics are presented in this paper.

The effects of mass distribution and center-of-gravity location
were determined for many of the models as were the effects of geometric
modifications designed in an attempt to Improve the spin-recovery
characteristics. The investigations included the determination of the
effectiveness for spin recovery of several types of controls which are
peculiar to flying-wing and unconventional-type ailrplanes.

The spin and recovery characteristics of each model are presented
for the various control configurations, mass distributions, and
dimensional conflgurations tested. Dimensional data, mass data, and a
three-view drawing of each of the various free-spinning models are
included. The data presented are Intended to help designers of uncon-
ventional and flying-wing-type airplanes anticlpate probable spin and
recovery characteristics.

SYMBOLS
b wing span, feet
S vwing area, square feet -

i
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Iz - Ix

mean aerodynamic chord, inches
wing local chord, inches

ratio of distance of center of gravity rearward of
leading edge of mean aerodynamic chord to mean
aerodynamic chord; positive when center-of-gravity
position is rearward of leading edge of ¢C

ratio of distance between center of gravity and thrust
line or fuselage reference line to length of mean
aerodynamic chord; positive when center of gravity
is below thrust line B

mass of alrplane, slugs

alr density, slug per cubic foot

alrplane relative density (m/pSb)

moments of inertis about X, Y, Z body axes, respectively,
slug-feet2

inertis yawling-moment parameter
inertia rolling-moment parameter

inertia pitching-moment parameter

angle between thrust line or fuselage reference line
and vertical, degrees, approximately equal to absolute
value of angle of attack at plane of symmetry

angle between span axis and horizontal, degrees; on the
charts U or D means inboard wing (right wing in a
right spin) up or down, respectively, with relation
to the horizontal

full-scale true rate of descent, feet per second

full-scale angular velocity about spin axis, revolutions
per second
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Sr deflection of rudder, degrees
Be deflection of.elevator, degrees
Bg, : deflection of ailerons, degrees
U elevator up
) elevator neutral
D elevator down
AC, rolling-moment coefficient due to control deflection
(Rolling moment/%pvebs)
ACh yawing-moment coefficient due to control deflection

éaming momenﬁ/%pvebé)

MODELS

The dimensional and mass characteristics of the airplanes simulated
by the models-are presented in tables I and II, respectively. Three-view
drawings of the models are presented in figure 1. The models were con-
structed as described in reference 3. Briefly, each model was constructed
primarily of balsa to be dimensionally similar and was ballasted with
lead weights to be dynamically similar to the particular airplane it
represented at a given test altitude. A remote-control mechanism was
installed in the model to-actuate the controls for recovery tests.
Sufficient moments were exerted on the control surfaces during recovery
tests to move the controls rapidly to the desired positions without
regard to the actual forces required to move the controls of the airplane.
Parachutes used for spin-recovery parachute tests were of the flat circular
type, made of silk, and had drag coefficlents of approximstely 0.7 based
on the surface area of the canopy when spread out flat.

The lateral and longitudinal controls for some of the models presented
herein are combined in one pair of control surfaces designated as elevons.
Longitudinal control is obtained by deflection of the elevons together and
lateral control is obtained by differential deflection of the elevons.

In this paper, elevon deflections for longitudinal and lateral control
will be referred to, generally, as elevator and aileron deflections,

" respectively.
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Wind Tunnel and Testing Techniques

The model tests were performed in the Langley 15-foot free-spinning
tunnel and in the Langley 20-foot free-spinning tunnel which replaced it.
The operation of the Langley 15-foot free-spinning tunnel is described
in reference 3 and operation of the Langley 20-foot free-spinning tunnel
is generally similar. In brief, models are launched with rotation into
the vertically rising air stream of the tunnel and the airspeed is varied
by the operator until it equals the rate of descent of the model. The
model is thus maintained at approximately eye level in the test gection.
With the model spinning freely, observations of its general behavior are
made, and motion-picture records are obtained. Figure 2 shows a typical
model spinning in the Langley 20-foot free-spinning tunnel. After
observation of the fully developed spin, recoverles are attempted. The
turns for recovery are measured from the time the controls are moved to
the time the spin rotation ceases.

Spin tests generally are made to determine the spin and recovery
characteristics of the model for the normal spinning control configuration
(elevator full up, ailerons neutral, and rudder full with the spin) and
at various other alleron-elevator combinations including neutral and
maximum deflections. The control deflections used were measured
perpendicular to the hinge lines. Recoveries are generally attempted
by rapid full rudder reversal, although for the investigations presented
herein, some recoveries were attempted by other control manipulations
which are specifically noted on the charts. For spins which had rates of
descent in excess of that which could be readily attained in the tunnel,
the rate of descent was recorded as greater than the velocity at the time
the model hit the safety net, as >300. For ' recovery attempts in which
the model struck the safety net before recovery could be effected, because
of the wandering or oscillatory nature of the spin or because of an
unusually high rate of descent, the number of turns from the time the
controls were moved to the time the model struck the safety net was
recorded. _This number indicates that the model required more turns to
recover from the spin than shown, as, for example, >3. A >3-turn recovery,
however, does not necessarily indicate an improvement over a >7-turn
recovery. The symbol o is used on the charts to indicate that recovery
required more than 10 turns. For a condition in which the model recovered
without movement of the controls after having been launched in a spinning
attitude with the controls set for a spin, the result is recorded on the
charts as "no spin."

The recovery characteristics of a model have been considered satis-
factory if recovery from the spin at the normal spinning control configura-
tion (rudder full with, elevator full up, and ailerons neutral) requires
2 turns or less.and if smell deviations from this control configuration do
not cause recovery to exceed 2% turns. Small deviations are considered to

be those which allow for a variation in the deflection of any given control
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setting by as much as one-third from its intended position. This crite-
rion for satlsfactory spin recovery has been adopted on the basis of full-
scale~airplane spin-recovery data and corresponding model test results
(reference 4). The full-scale results available in reference L4 were
generally for conventiomnal-type airplanes with horizontal tails, but
unless actual full-scale spins of unconventional or flying-wing type
alrplanes subsequently prove otherwise, 1t is felt that the criterion for
satisfactory recovery specified may be generally applicable to all types
of airplane designs. Unpublished observation of airplane motions for
some of the unconventional and flying-wing-type configurations presented
herein have indicated that the model results give qualitative agreement,
at least, with the motions obtained on the airplanes.

The spin-recovery parachute tests were performed in the manner
described in reference 5. In brief, recoverles were generally attempted
by parachute action alone, the rudder being maintained with the spln.
The parachutes were opened by use of a remote-control mechanism.

PRECISION

The results of the free-spinning4tunnel tests presented are belleved
to be the true values given by the model within the following limits:

Cy AEE & ¢ ¢+ 4 4 4 e e e s s 4 e e e e s e e e e s e e s e e e e el
B, GEE « v v v e e e e e e e e e e e e e e e e e e L
V) DETCENE « v v o o 0 ¢ o ot o s o s e e e 35
Q, percent « « ¢ ¢ ¢ 4t e v e a4 e e e 44 e e e e e e e e )
Turns for recovery: :
From motion-picture records . .« « « ¢ ¢t ¢ ¢ ¢ & 0 & 0 e 0 e e s i%
From visual estimate . + « + ¢ ¢ 2 4 0 o 0 0 0 0 e e e e e e f%

All recoveries presented herein were obtained from motlon-picture
records expect where otherwise specifically noted on the charts.

The preceding limits may have been exceeded for certain spins in which
it was difficult to control the model in the tunnel because of the high
rate of descent or because of the wandering or oscillatory nature of the
spin. Comparison between model and airplane spin results (reference k)
indicates that spin-tunnel results are not always 1n complete agreement
with airplane results. In general, when the model spun at an angle of
attack less than 45° the corresponding alrplane spun at a larger angle




NACA RM L5029 01 pwied

of attack, and when the model spun at an angle of attack greater than

450, the corresponding airplane spun at a smaller angle of attack.
Generally, the spin at the lower angle of attack (either model or airplane)
was assoclated with the higher rate of descent. The airplane generally
spun with its inner wing down more than the inner wing of the corresponding
model. The comparisdon made in reférence 4 for 60 different designs
indicated that approximately 90 percent of the models satisfactorily
predicted full-scale recovery characteristics and that the remaining 10 per-
cent of the models were of some value in predicting details of the
full-scale results such as proper recovery technlque, aileron effects, and
the motion in the developed spin.. The designs compared in reference 4
were, in general, for conventional airplanes.

The accuracy of measuring the weight and mass-distribution of the
models is believed to be within the following limits:

Weight, DETCOmt « + v v v v vt v & o o e e e e e e e e N
Center-of-gravity location, percent @ . «.v v v v & ¢ & & « « « . . 1
Moments of inertia, percent . . ¢« ¢« ¢ & ¢ . & L L L 0 0w v e i'5

The controls were set with an accuracy of ¥1°.

TEST CONDITIONS

The varistions of the mass-distribution parameters for the various
loadings investigated for each model are presented in figure 3. Figure 4
shows the variations of the control-surface deflections with stick
positions for the models which combined the longitudinal and lateral
controls in one control surface. The dimensional modifications tested
during the investigations summarized 1n this paper are presented in figure 5.
Figure 6 shows the original rudders tested on models 1 to h, these rudders
are of the drag type and are mounted at the wing tips. The control
configurations tested on each specific model for each model configuration
are indicated in charts 1 to 1k with the results.

RESULTS AND DISCUSSION

. The erect spin and recovery data for the 12 models summarized herein
are presented in charts 1 to 12. Inverted spin dats and spin-recovery
parachute data avalilable for some of the 12 models are presented in
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charts 13 and 1k, respectively. The results of tests with dimensional
modifications on the various models are listed with their indicated -
effectiveness in table III and in general are presented in the corre-

sponding charts 1 to 12.

Erect Spins

The spin and recovery characteristics of models 1 to 6 (charts 1
to 6) were found to be in general agreement with references 1 and 6 as
regards the influence of the mass distribution .on the effectiveness of
the controls during the spin and the recovery. When the mass of the
models was dlstributed primarily along the wings, for example, aileron
settings against the spin (stick left in a right spin) and down-
elevator settings (stick forward) were generally favorable. For these
control settings, steeper spins with more rapid recoveries were generally
obtained than were obtained for other control settings. These control
settings were also conducive of no-spin conditions. For this mass
distribution, reversal of rudders which primarily gave a yawing moment
only were ineffective; whereas movement of the elevator down appeared
to be the most effective method of obtaining recovery. Such control
" movement for recovery is consigtent with that indicated for conventional
airplanes for similar loadings. When the mass of the models was distri- .
buted primarily along the fuselage, aileron-with settings and elevator- —
up settings were generally most effective in causing steep spins from )
which recovery was most easily obtained. For this mass distribution, "
movement of the rudder against the spin, when the rudder primarily gave
a yawing moment only, generally appeared to be the most effective method
of obtaining recovery. These results of control effectiveness are also
consistent with those indicated for conventional airplanes for similar
loadings (references 1 and 6).

Some exceptions to the general effects of control setiings and
movements on the spin and recovery were obtained, however. When, for
_example, model 6 had its loading distributed mainly along the wings
(chart 6) full-down elevator and full ailerons against the spin sometimes
caused a relatively flat spin from which recovery was unsatisfactory.

For this model and other similar models, combination of the longitudinal
and lateral controls in a single surface caused unusually large deflections
of the surfaces when both full elevator and aileron controls were applied.
When the elevator was full down and the ailerons were full against the
spin, the inboard control surface (that on the right wing in a right spin)
had a large downward deflection; whereas the outboard control surface

was nearly neutral. It is believed that this large downward deflection

of the inboard control caused unusually large pro-spin yawing moments
which overcame the possible favorasble effect of the rolling moment due -
to the aileron-against setting. For loadings for which the mass was
distributed primarily along the fuselage, control settings of the elevator
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full up and the ailerons full with the spin tended to be similarly
detrimental.

Models 1 to 4 (charts 1 to 4) had rudders which did not primarily
provide yawing moments only but also provided appreciable rolling moments.
The rudders for models 1 to 4 are shown in figure 6. Typical of these.
rudders are those of models 2 and 3, similar models with different
rudders. The rudder of model 2 is a spoiler-like surface which on the
airplane protruded downward and forward through the lower surface of
the wing; a pitch flap moved upward in conjunction with downward move- -
ment of the spoiler surface. On model 3 two split flap-like surfaces,
one on the upper surface and one on the lower surface of the wing, were
both deflected for rudder movement. For both models, the rudders on
the right wing functioned and those on the left wing remained neutral
for a right turn. These rudders may generally be termed scoop-type
and split-type rudders, respectively.

A comparison of the aerodynamic yawing- and rolling-moment character-
istics of the two general types of rudders (measured on the free-flight-
tunnel balance, described in reference 7) is shown in figure 7. The
results indicate that, for angles of attack above 34 setting the rudder
against the spin (left rudder pedal forward in a right spin) for the
scoop~type rudder produced a rolling-moment increment in the same direc-
tion as would be obtained by setting the ailerons against the spin
(left stick in a right spin); whereas for the split-type rudder, a
rolling-moment increment in the same direction as would be obtained by
setting the ailerons with the spin was produced. The yawing moments
contributed by both types of rudders were approximately the same. The
results are consistent with those indicated in reference 6 for conven-
tional designs with loadings with the mass distributed primarily along
the wings in that rolling moments caused by aileron-against settings
were favorable and rolling moments caused by alleron-with settings were
unfavorable to spin recovery. Thus for wing-heavy loadings, the scoop-
type rudders when moved against the spin gave favorable rolling moments
for spin recovery and the split-type rudders when moved against the spin
produced unfavorable rolling moments. Conversely, it was indicated that
maintaining the split-type rudders with the spin was favorable for spin
recovery; whereas maintaining the scoop-type rudders with the spin was
unfavorable. As is further indicated in reference 6, for loadings in
which the mass is distributed primarily along the fuselage, alleron-with
settings are favorable. It appears probable that, for designs with the
loading primarily along the fuselage, scoop-type rudders when set against
the spin would have produced unfavorable rolling moments for spin recovery;
vhereas split-type rudders would have produced favorable rolling moments.

Models 5 and 6 had rudder control surfaces that primarily provided
8 yawing moment only. Model 5 had dual rudders and model 6 was tested
both with single and dual rudders. For models 5 and 6 (charts 5 and 6),

- UNGUASSIFIED
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when the mass distribution was primarily along the fuselage, rudder
reversal was generally effective in producing recovery; whereas for .
model 6, rudder reversal was ineffective in producing recovery when the
mass distribution was primarily along the wings. These results are in
accord with the results of reference 1 for conventional airplane designs.
Thus rudders which primarily provided yawing moment only appear to be
similarly effective in producing recovery for airplanes of the flying-
wing type as for airplanes of conventional designs, depending primarily
on mass distribution. It has been noted for one model (model 6) that
single or duesl vertical tails appeared equally as effective provided they
had equivalent vertical-tail volume (reference 8).

Model T had a delta-wing plan form and a loading for which the weight
wad very heavily .distributed along the fuselage. The results of an
extensive investigation on model 7 (reference 9) indicate that splns may
not be obtained for values of the inertia yawing-moment param-

eter (Ix - Ty/ub?) between approximately -450 x 107% to 750 x 10-* and that

flat spins will generally be obtained for larger or smaller values of the
inertia yawing-moment parameter. Reversal of the rudder was generally
ineffective 1in stopping the spin rotation except when sufficiently large
dual vertical tails and rudders were used (reference 9). These large
vertical tails are shown in figure 5 and the results are noted in table III.
Movement of the ailerons with the spin, however, was generally effec-
tive for terminating the spin rotation. This effect is in agreement
with the results obtalned durling an extensive investigation on a swept-
wing model having a horizontal tail. This model was tested at fuselage
heavy mass distributions (reference 10) beyond the mass range of refer-
ences 1 and 6. TFor all loading conditions tested on model 7 after spin
rotation had ceased, the model tended to glide at a flat attitude (very
high angle of attack) decreasing its angle of attack relatively slowly
except when the elevator was full down.

Model 8 had a sweptforward wing and generally tended to spin flat
with a wide radius, very slow rotation, and large oscillations in roll,
pitch, and yaw {chart 8). Rudder reversal generally stopped the rotation
but the model tended to ‘glide at very large angles of attack above the
gtall and the oscillations continued after the rotation ceased. When the
elevator was reversed to full down following rudder reversal, however,
the model tended to dive after the spin rotation ceased. Unpublished
full-scale results on this design indicated that accurately timed move-
ment of the stick forward during the oscillations was required to regain
unstalled flight. The results of an extensive investigation of modifica-
tions to this design and a brief comparison with flying-wing types with
sweptback wings indicate that major modifications would be needed to
improve the characteristics of this design and that in this instance the
sweptforward wing appeared to cause the unsatisfactory trim character-
istics. Installation of a large horizontal tail and increased
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vertical-tail length made the model's trim and spin chafacteristics
satisfactory. The results with the horizontal tail installed are noted
in table IIT and the modification is shown in figure 5.

Models 9 and 10 were similar designs having approximately circular
plan form, dual vertical tails mounted on the upper surface of the wing,
and horizontal surfaces with control surfaces extending from the nearly
circular plan form for longitudinal and lateral control. The spin and
recovery characteristics of model 9 (chart 9) were not appreciably
affected by changes in mass distribution for the range of values of

inertia yawing-moment parameter tested IX - IY/;nb2 from -208 X 10‘4 to

590 X lO'h . Increasing the relative density for model 9, however, had
an adverse 'effect upon spin recovery. The results for the largest
relative density for model 9 and the results for model 10 (chart 10)

which were for a similarly large relative density, indicated poor recovery
characteristics. Satisfactory spin recoveries were obtained for model 9
by a special technique for which the leading edges of the horizontal
surfaces were moved down and the stick was held back and moved against

the spin (left in a right spin) while the rudder was reversed. Satis-
factory recoveries were obtained on model 10 only with the installation of
modifications and following a recovery technique in which the stick was
held full back and moved against the spin while the rudder was reversed,

& technique similar to that used for model 9. The satisfactory modi-
fications used for model 10 were a supplementary vertical tail (supple-
mentary tail 2, fig. 5(g)) behind the trailing edge, a large semispan
spoiler (spoiler no. k4, fig. 5(g)) beneath the outer wing in a spin

(left wing in a right spin), or two large vertical fins (vertical fin 7T,
fig. 5(g)) mounted on the horizontal control surfaces.

Models 11 and 12 were tall-first or canard-type designs. The spin-
ning characteristics of these models (charts 1l and 12) were not affected
by small variations in mass distribution or by small movements of the
center of gravity. After recovery from the spin, model 11 trimmed at
a high angle of attack (approx. 80°) even when the elevator was set to
simulate a stick position of full forward. Modifications which caused
model 11 to trim in a normal flight attitude after the spinning rotation
had been stopped were the addition of large fillets or drooping enlarged
ailerons 22°, Prior to spin tests, model 12 was designed so that it
would not trim at high angles of attack by installing a large elevator with
increased deflections over those of model 11, and by installing large wing-
tip trimmers. The configuration for model 12 with these changes 1s shown
in figure 1(1). Satisfactory spin recoveries in which the model recovered
in a dive were obtained for model 12 by application of full rudder
reversal when the elevator was set to simulate a stick position of full
forward.

ommmmes..  UNCLASSIFIED
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Inverted Spins

Inverted spin and recovery characteristics were svailable for 10 of
the 12 models presented herein. These results are presented in chart 13.
A Dbrief analysis of the results based on reference 11, a summary of
inverted spin results, is presented.

When the ailerons were set with the spin, for the fully developed
inverted spins presented, the allerons were set to simulate a stick
position to the pilot's left when spinning to the pilot's right with the
rudder to the pilot's right (controls crossed). When the ailerons were
set against the inverted splin, the controls were together. Elevator-up
simulated stick forward and elevator-down simulated stick back. In
chart 13, the angle of wing tilt is given as up or down relative to the
ground.

Model 1 would spin inverted only when the ailerons were neutral or
with the spin. Recoveries from these spins were generally unsstisfactory.
The inverted spin results were generally similar to those for erect spins.
This is probably an indication that exposed area which tended to damp
the rotation was approximately the same for both erect and inverted
spins.

Model 2 would spin inverted only when the ailerons were with the
spin with the stick neutral or forward longitudinally. The inverted
spin characteristics were considered somewhat improved over the erect
8pin characteristics in that splins were obtained for fewer control
settings (that is, more no-spin conditions were obtained).

Model 4 would generally not spin inverted when the rudders were set
with the spin (right rudder pedal forward in an inverted spin to the
pilot's right); whereas it did spin erect. Model 4, however, would spin
inverted, when the rudders were set against the spin (data not presented).

Model 5 would spln inverted for most control conflgurations; recovery
by rudder reversal was, however, satisfactory. These results are somewhat
better than those obtained erect, probably because more vertical fin and
rudder area were unshielded in the inverted spin than in the erect spin.

Model 6 would spin inverted only with ailerones and rudder with the
spin. Satisfactory recoveries were obtained by neutralizing all of the
controls.

Model T would spin inverted for a loading condition for which it would
not spin erect. The model spun inverted, however, only when the allerons
were against the spin and the stick was neutral or forward longitudinally.
The rudder of this model was above the wing and shielded in erect spins,
whereas 1t was relatively unshielded in inverted spins. Thus for this

: !NC .ﬂs‘r',tﬁ
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design it appears that in an erect attitude the rudder which was shielded
did not supply sufficient pro-spin yawing moment to cause the model to
rotate; whereas in an inverted attitude the pro-spin yawing moment of

the unshielded rudder was apparently sufficient to cause the model to
spin. Satisfactory recovery by rapid rudder reversal was obtained and

it appears that, on a corresponding airplane, neutralization of the stick
laterally and longltudlnally also would be desirable.

Model 8 would generally not spin inverted but tended to become erect
and, as in the case of erect spins, tended to remain at a flat erect
attitude. The vertical fin and rudder of this design, which had a
relatively large aspect ratio and was mounted well above the fuselage
center line, was unshielded in the inverted attitudes and may have
contributed a rolling moment which caused the model to roll erect following
launching into the tunnel inverted.

Model 10 had inverted spins which were similar to the erect splns,
recoveries from which were unsatisfactory.

Models 11 and 12 would spin inverted generally when the ailerons were
neutral or with the spin. Reversal of the rudder caused the spinning
rotation to stop quickly for both models. Model 1l remained in an
inverted stalled attitude after the rotation had ceased, for all elevator
settings. Model 12, however, dived into a normal flight attitude when
the elevator was set to cause a nose-down pitching moment from the inverted
attitude. These results are similar to those for erect spins.

The results of the inverted spin tests of the various models are
in general accord with inverted spin and recovery results for conventional
designs as indicated in reference 11, in that rearward movement of the
stick, and alleron-against settings generally tended to be beneficial.

Spin-Recovery Parachutes

The results of investigations made to determine the effect of spin-
recovery parachutes were avallable for. .six of the models. The results
(chart 14) indicate that, in general, parachutes attached to the outer
wing tip in a spin (left wing in a right spin) will generally cause
satisfactory spin recovery by parachute action alone for emergency
purposes. The primary disadvantage of wing-tip spin-recovery parachutes
.is the danger of opening the parachute on the inboard wing tip (right tip
in a right spin) rather than the outboard wing tip. Under such circum-
stances, the spin may be flattened and recovery made Iimpossible. The
results of tests for conventional designs (reference 12) and for one model
reported herein indicated that use of parachutes on both wing tips when
opened simultaneously required parachutes of approximately twice the
diameter of a single wing-tip parachute used only on the outer wing tip.

BRCEASSIFIED
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Opening two parachutes simultaneocusly has the advantage of elimlinating
the danger of opening the wrong wing-tip parachute. The experimental
results indicated that a towline length equal to approximately the
semispan of the wing should be used.

Model 8 was tested only with a parachute attached to the tail cone
for which satisfactory recoveries were obtained. On model 10 a single
wing-tip parachute, required for satisfactory recovery, was excessively
large but satisfactory recoveries were obtained by simultaneously
opening moderate sized tail and wing-tip parachutes. The tail parachute
was mounted on the arresting gear mast shown in figure 8.

Reference 12 presents a method whereby the size wing-tip parachute
required for satisfactory spin recovery may be calculated. As - ig indicated
in reference 12, calculations by this method correlate satisfactorily with
experimental data for flying-wing-type configurations.

CONCLUSICNS

Based on the spin and recovery characteristics of models of 12
flying-wing and unconventional-type designs investigated in the Langley
15-foot free-spinning tunnel and the Langley 20-foot free-spinning
tunnel, the following conclusions are made.

1. The effect of aileron and elevator control settings on spin and
recovery characteristics was generally dependent upon msss distribution
in the same manner as for conventional configurations: +that is, for mass
distributed chiefly along the fuselage, aileron-with and elevator-up
settings were conducive of the best recovery, whereas elevator-down and
alleron-against settings were conducive of the slowest recovery; for mass
distributed chiefly along the wings, the converse was true. The influence
of mass distribution on the effect of directional controls was dependent
not only on the yawing moment produced but also on the accompanying
rolling moment if the rolling moment was appreciable.

2. Recovery from inverted spins generally wes obtained as readily as
from erect spins. It appears that the most rapid recoveries from inverted
spins would have been obtained by movement of the stick back longitudinally
and against the spin laterally and of the rudder against the spin.

3. A single wing-tip parachute on the outer wing tip in a spin
generally was an effective spin-recovery device for emergency recovery
- of unconventional and flying-wing-type designs.

Langley Aeronautical Laboratory
National Advisory Commitiee for Aeronautics
Langley Field,:Va. »ow- ey

SIFIED
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TABLE I.. DIMENSIONAL CHARACTERISTICG OF MOIELY TESTED

[Mbdel valuea are presented in terms of corresponding sirplane vulug-.}

NACA RM L50CL29

L Nodel 1 2 3 b 5 6 T [} 9 0 1 12
Nodel acale 1/16 2o | 1/57.33| 1416 1/17.5% 1/e0 1/20 1/17.8 1416 126 1f16 1/16.95
Over.all Iekgth, £t a1.% 17.78 | 50.%0 1k.25 36,44 20.45 L1.37 29. 40 26.6% 28.13 27.h0 29.%8
‘;:i‘, Tt 10.59 %3.00 | 172.00 39.00 1867 26.83 29.k2 58,0 23.33 23.33 36.98 80,57
Area, aq ft 309.32 . | 450.0 | ho20.0 [ 293.31 bg6.00 200.00 313.0 356.0 421.5 k21.0 19L.0 208.3

Aspect ratio 5.33 7T.36 T.36 5.19 3.01 3.60 2,31 8.20 x.27 1.27 T.00 .91
Root chord, in. 148,48 | 137.00 | 450.00 | 1k1.65 19%.00 123.00 305.80 116.40 280.16 280.16 92.00 92,00
Tip chord, in. 24,80 39.00 | 112,00 3592 116.00 .28 0 4,00 —— - 3550 33.5%
Taper ratio 0.267 | 0.238 | 0.2%9 0.253 0.600 o.kzo 4 0.376 — - 0,386 0.36k
M.h.Co,p (&), in. 103.06 | 109.80 } 315,00 | 102.33 15740 93.68 203.89 8s5.82 238,00 238.00 61,71 67.69
;::: E‘,::’:;:'r: 53.28 69.70 | 200.00 ig.30 83,56 62.%8 101.91 -30.00 10.5 .02 57.0 61.08
Tint, deg 3.0 L] 40 o o —— [} [} [} [} .0 to -0.25 {3.0 to,-0.5
Dihedral, deg g::u;"g:g 2.0 2.0 1.0 o o o 2.0 o o W3 e
Sveepback, deg 29.3 IBW  [o1.9 of%|25.8 LEw| 27.8 LEW 35 cfh 38.1 of 60 LEW =15 cfh o cfh acfh 28.5 cfh 20.8 cfk
Afrfosl NACA BACA | Waca MACA h-‘(:gz) "%ﬂioih RACA RACA MACA FACA C-H (]
section, root 66,2-018 165,3-019(65,3-029 | 66,2-018 | -(12)(40) | ko-percent |65, .. -006.5 23018 0016 ooL6 6500-001% ksm-oou
~(1.1)(1.0) | chord 24ne)|  (06)
Adrfoil NACA | maca RACA L((:gz) NACA NACA FACA NACK C-W C-¥
section, tip 66,2x-012 |65,3-018 |65,3-018 | 66,2-018 _éﬁ%ﬁ)}) =--dg--~ 65(05) ~006.5 23002 ooz o016 6500-0015  [6500-0015
zontal tail: '
Span, percent b2 Rone None None Rape None Nooe Kone None 65,90 80.3% k.60 45,20
area, 8g £t 80w | =w@0ee | =loam | wndo-- --do-- —~d0-= walOam -=d0-- k6.0 Lg.0 15.56 21.5%
Longitudinal control:
Type Elevone Elevons | Elevons| Blevona Elevons Elevons Elevona Elevator Elevons Elevons Blemtor  Blevator®
Area, 87 £t 36.06 31.85 | 273.36 32.67 55.h0 16.98 33.30 36.31 25.00 .59 13.%6 18.62
Disfance to c.ge; 5.76 ros | 1685 | s.03 12.76 - 10.53 5,42 10.h2 1045 15.73 26.05
Fextical tedl:
Ares, 8q f% 31.82 o [\ 37.15 122.%0 20,10 67.00 43.50 2.3 28.42 25.20 27.80
frrdders:
Type Frise Drag | Dreg Drag 1 1 onsl anal onel oral
Area, 3q ft €13.88 {Sw.63 | “120.00| S22.68 €32.00 h.10 13.% 19.4%0 ®13.20 €11..28 S IWY ©13.00
":;E' to ey 7.18 T.68 | 22.05 | 5.65 15.15 9.33 11.86 22,31 15.00 12,53 5.00 7.92
fateral contrel:
Type Elevons | Elevons| Elevons | Elevonsl | Elevons Elevons Bl 2 Elevons 1 1
[Opem, percent BJ2 | 56.68 | 33.67 | %0.00 | 58.30 W7.20 ¥5.50 72.15 2.0 €.90 80.35 38,01 39,11
Ares, 8q Tt 36.06 31.85 [ 273.36 32.67 5k.A0 16.98 33.30 31.60 25.00 i1.99 13.20 15.16
flaximu control
deflections:
Right &, deg wp® S0 f26 60 ] 25 R k] « 30R 25 R 3R 25R oR KR
Right 8, deg down® 20 é9 ] 1] 251 k. %L 25 L WL 255 PL ne
Left 8., deg upt 90 26 60 35 5 R 30 R LI 1R
Left 8., deg down® 20 2] 60 ) 25 L » PL SL WL
85 deg up® 0 24 20 ]‘m.s, Boy 30 20 20 » 15 % 2 & |
8, deg dovi® 20 n .10 lsm.s, iy 20 10 20 20 15 15 15 &@
8,, deg up® 30 7 15 [B10.5, b0 25 15 15 20 30 10 20 38
8y, deg down® 5 13 15 #0.5 bo 15 b1) 15 15 30 10 1k 1f2 9
a
bﬁl‘mue v oo % ufl control hings line. :N:AC:A::
Sares of both ruiders. -
SElevon balancera were used in conjunction with elevon, deflectsons ¥200
{14° up and 12° down revized).
®Deflections measured from chord plane and perpendicular to binge line.
Deflection of pltch flap which moved up in conjunction with downvard
movement of drag rudder. ° - - - .t en B
2= - - e

Borigina? daflections
Bpevised deflections.

AOTTEEII
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TABLE II.- MASS CHARACTERISTICS OF MODELS TESTED

[Model values are presented in terms of full-scale values]

17

Center-of- Relative
gravity airplane Mom?g::gfieizgﬂa Mass parameters
Velaht locetion .density, u .
FOsENE | (1vs) xfc | ofe | Sen | Test Ig Iy L | ok k- -k Remarke
level|altitude mbe mb2 wp2
Model 1
s | 10,194]0.128{ -0.003|10.59| 12.62 9,313| 6,834 15,635 48 x 107¥ -169 x 107*/121 x 207¥ L":ﬁg prinarily
B 10,194 ,128] -.003[10.59{ 12.62 7,264 6,834 13,586] 8 -129 121 Do.
¢ -} 10,194 .228[ -.003[10.59] 12.62 11,828| 6,834 18,150 96 217 121 - Do.
D 10,19%| .128] -.003{10.59} 12,62" 9,313 5,60k 1k,405( T1 -169 98 Do,
E 10,19%| .128| -.003}10.59] 12.62 9,313} 9,226 18,027 2 -169 167 Do.
F 10,194 .188( -.003|10.59| 12.62 9,313} 6,834 15,635 u8 ~169 121 Do.
¢} 10,19%| .078| -.003|10.59] 12.62 9,313] 6,834 15,635| 48 -169 121 Do.
E 9,755 .179] -.023|10.1k4| 12.01 8,h17} 12,M17| 20,667| -80 =165 245 mﬂiﬁg f{:’:ﬁ;&_y
Model 2
A 6,526|0.290{ -0.0k0| 2.91] 4.62 19,138 2,278 21,208|231 x 107% |-260 x 10°¥ 29 x 20°% m:ﬁiﬁi ﬁn;i.f iy
B 6,526] .290] -.040| 2.91f k.62 22,951 2,274 25,111(283 - -312 29 Do.
[o 6,526| .290| -.040| 2.91| k.62 19,138| 1,999} 21,023|235 -261 26 Do.
D 6,768| .290] -.040| 3.01| k.78 19,132 2,967 21,997|21k -251 37 Do.
E 6,694 .2ko| -.oko| 2.98[ k.73 19,132 2,679 21,709[221 -25L 33 Do.
F 6,675 .320] -.0k0| 2.96! h.71 19,132| 2,059| 21,089(229 -255 26 Do.
[ 6,538 .350] -.oho| 2.91] h.62 19,132| 1,729| 20,758|238 -260 22 Do.
24 © 6,914( ,250] -.0ko[ 3.08 4.89 19,131| 2,919] 21,949(210 -246 36 Do.
Model 3
A |155,000(0.275| -0.014] 2.93] 5.50 |3,380,000|433,500(3,769,000|207 x 10-% |23k x 10-%| 27 x 10-¥ Toadtne ﬁﬁg’ﬂ’
B [155,000| .275| -.01h| 2.93] 5.50 |3,380,000|563,550}3,899,050{198 -234 36 Do,
¢ l1s5,000( .333] -.014{ 2.93| 5.50 |3,380,000{433,5003,769,000]207 -234 27 Do.
D 155,000| .391] -.0lk} 2.93] 5.50 |3,380,000|433,500|3,769,000}207 -23h 27’ Do.
E |155,000( .200] -.014 2.93] 5.50 {3,380,000}433,500|3,769,000{207 ~234 27 Do.
) Model &
A u,642(0.251] 0.0k9| 5.29| 8.h2 6,074 1,030 7,102(230 x 10-¥ | -280 x 10-¥] 50 x 10~} Mgggnsgg primerily
B 4,6ka| .383f .okg| 5.20] 8.k2 6,074 1,030 7,102(230 -280 50 Do.
¢ L,642| .184 .oko| 5.29| 8.42 6,074 1,030 7,102(230 -280 50 Do.
D 13,291 .268] .011{15.18| 2L.14 19,151 1,925 20,902{270 -297 27 Do.
E 9,000( .268] .011{10.29| 16.36 9,590 1,520| 11,120{189 -226 37 Do. |
Model 5
A | 1h,517[0.167 0.004 9.89f 15.72 13,250| 22,943|  35,021|-14k x 104 179 x 10-%|323 x 10-% m:‘ﬁgg ﬁ:‘:ﬁ;ﬁy
B 14,485| .2ko| .003]| 9.87} 15.68 13,338| 23,618] 35,994|-153 -184 337 Do.
¢ 14,485 .163] .003| 9.87] 15.68 13,338| 17,449] 29,825( -61 -18% 245 Do.
Model 6
A 6,815|0.199| ©0.035{26.59] 23.36 3,910| 2,7%| 6,534 76 x 10~ -2k9 x 10-%{173 x 107} m:iiﬁ ﬁi"nj‘:‘:’u”
6,260 .178] .038{15.23} 2k.21 3,050| 2,694 5,616| 25 -208 183 Do.
¢ 5,820| .159| .obi|1k.18] 22.54 2,360| 2,640 b,821 -22 -168 190 “:iiﬁ gf;’:ﬁ;"
D 6,815] .199| .035|16.59| 23.36 2,381 3,787 6,0k -92 -148 2ko Do
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TABLE IX.~ MASS CEARACTERISTICS OF MODELS TESTED - Concluded

Center-of- Relative )
gravity airplane Mom?:‘;;;_’geiré’j‘tn Mass pereameters
Weight| location density, K
Loading (10s) [} Remarks
= | Sea | Test Iy-Iy Iy - Iy Iz - Iy
/e 1= 0 e laettaze | X | Y| T2 =F 7 .
Model T
& |11,6480.2%] 0.01413.80| 21.93 |3,989(27,619|29,55T| -Tok x 10-4| 62 x 1074|816 x 107 FOGInE Tromerly
B 11,598| .2k1| .002/18.10{ 28.79 | 4,713]27,078{30,560(-1192 -186 1378 Do.
Model 8§
A 3,840.1k0|-0.052| 2.61 %13 |5,08k| 4,369 9,365 2L x 107%| 14k x 2074123 x 2074 Lﬁ";,, ﬁ;mriss al
3,507 .1eo} -.035| 2.38] 3.79 | 4,789} 4,275 9,096] 16 -152 136 Do.
Loeding primarily
c 3,890} .1%0] -.052| 2.65| k.20 |h,060( 4,369 8,340 -9 -5 124 along fuselage
- Loeding primarily
D 5,008 .lho| -.052| 2.71f w30 | 5,9 u,369|10,222] 43 -161 ns along wings
E 3,846| .1s0| -.052| 2.61| k.13 |5,084| 3,684 8,8k 36 -1k 108 Teo.
¥ 3,848 .0%0| -.052| 2.60] k.13 |5,084( 4,86k 9,860 6 ~1Lk% 138 Do.
G 7,886| .14 -.0l0| 5.35| 8.5L |5,664! 4,738|10,204 13 =TT 64 Da.
B 7,507 .120] -.023] 5.11| 8.13 |5,384] 4,655 9,930] 10 -T7 67 Do,
I 7,886] .0%0} -.010| 5.35| 8.51 |5,66%! 5,738(11,203] -1 -7 -1 78
Model 9
L 1,615|0.225| 0.006| 6.05| 8.19 8,000 #,915]12,780] ko5 x 10-¥]~1006 x 10-% 601 x 10-¥ ng“;E ﬁm"!s, 1y
B 5,287 .225| .006] 6.92| 9.36 [0,193| 4,915|14,883| 590 -1115 525 bo.
Loading primerily
c 4,615( .225 .006| 6.05| 8.19 |k,126| 5,750| 9,651| -208 =500 T08 along fuselage
D 4,615 .250f .006| 6.05] 8.19 | 4,126| 5,750| 9,651 -208 -500 T08 Da.
B L,615| .200} .006| 6.05| 8.19 |4,126| 5,750{ 9,651 -208 =500 - 1708 Do.
Loading primarily
F 6,283] .2e5| .006| 8.24| 11.16 |8,053| k4,765|12,056] 309 -686 37T along wings
1} 6,947t .225| .006] 9.09F 12.30 [0,122| %,Té5|1h,243| hs6 -8o1 351 Do.
B | 7,320 .225] .006| 9.58| 12.96 |8,053|10,578|17,527| -20u 563 (AN hacia- Simrpiid
; y Loading primearily
1 11,800 .218] .017[15.59| 21.11 [T,178§ 6,900{23,571| 3511 -803 261 along ¥ings
Hodel 10
A | 16,850F>.263| 0.005|22.1 | 35.1 118,296]15,367 33,703[ 103 x mﬂ -6 x 10"153 x 10-’;i“’:§_é% ey
Model 11 :
A 3,24)0.120f 0.182| 6.07| 8.22 | 1,409| 4,062 5,0u1| -197 x 10-*| -T2 x 10~% 269 x 10-b Lo:dltﬁ ;ﬁ:ﬁ;’
B 3,241 .x20f .182| 6.07| 8.2 |1,973] 4,062] 5,605] -155 ~114% 26 Do,
[ 3,281 220 282} 6.07{  8.22 |1,k09| 3,453| 4,432] -151 -T3 22l Do.
D 3,241 .120| .182| 6.07| 8.22 |1,l09] 5,687 6,666| -317 -T2 389 Do.
E 3,241 .220{ .182] 6.07i 8.22 {14409} L,062| 5,041| -197 -T2 269 Do,
F 3,241 070 .182| 6.07| 8.22 [1,k09] 4,062] 5,041] -197 -T2 269 Da.
G 3,251)8,08 | .12} 6.07] @.22 |1,hy| u,068] 5,00 197 -T2 269 Do.
E 3,2l a,37] .182| 6.07] 8.22 [ 1,409 h,ose] 5,051] -197 -T2 269 Da.
Model 12 ;
) - el -
A 7,707]0.129 0.01912.52] 35.61 | ,120[10,896) 1k,712] 168 x 10°"] 95 x 1077|263 x L0~ | oriiE BrleriLy
B 7,906 .099 -.008{11.80} 15.99 |6,592(11,916|17,184} -11% .| 116 230 Do.
c 7,851 .109 -.008)11.72| 15.88 | 5,65T7) 8,TLT|1h,2T0| -68 -123 191 Da.
o 7,811 .0kg -.012{11.66| 15.80 | 5,063(12,672|17,718} -186 -12h 310 Da.
E 7,835 .20 -.o16(11.T¢| 35.8% | b,5k2[ 9,860[14,255| -130 -107 237 Do.
“Forwerd of leading edge of M.A.C. .
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TABLE III,- MODIFICATIONS TESTED ON MODELS

Modification made to Effect on spin Modifica- Data
Modifica and recovery tion shown|presented
tion Wing l Wing~tip rudders | Vertical £in l Other pert characteristics |in figure |in chart
Model L
A | ------------ - | Split rudder l I Detrimental I 5(a) l 1
s Model 2 ) ’
Bquivalent propeller
A in aves nAdod 8lightly detrimentsal 5(b) 2
20-percent s
B senispan slats|” Detrimental 5(b) 2
35-percent o ’
c pemispan slats 5(b) 2
D Horizontal area Ineffective 5(b) 2
Model 4
40-percent
A gemispan slats N Slightly detrimental 5(c) %
. 25-percent
B semispan slats Ineffective 5(c) &
. 60-percent
C semiapan slats Detrimental 5(e) &
. 25-percent
D semigpan euxe Slightly detrimental 5(c) &
iliary airfoil
25-percent . '
E semispen slatg| ~~~~==="" e Vertical £ins removed | wemme-meeessecancan Detrimental 5(c) L
25-percent ) urface made movable
F semispan slats Neutral | aft of 50-percent- Beneficisl 5(c) 4
. ckord line
25-percent S pis seuse
-percent =, [ 341
¢] Jeniapan slats Neutral :’,’Zi%““ plua Very beneficlal 5{(c) b
Neutral; Surface made movable M
H  {25-percent Area B added to aft of 50-percent- | wsmmem-nem S Beneficial 5(c) k
semispan slats! tr9114ng edge of wing] chord line
25-percent Area C added, Goubling] ’ "
I semispan slats| chord of rudders t beneficial 5(c) b
Area C added and
J Ezgﬁzce:tsht’ hinge line moved to Beneficial 5(c) I
pa trailing edge of wing]
Area D added apd
K 25-percent hinge line moved to Very beneficial 5{c) 5
semispen slata tralling edge of wing
Fins moved outbeard,
L Area F added Keutral area E added, surfacej----wm-smsaccccaeann Bepeficial 5(c) 4
made movable aff of
50-percent-chord line|
Fins moved outboard; Not
[ S Neutral aree E added; ares G |wweommmmcmeemcameen Bereficial 5(c} gented
used as rudders pre
Model 5
55. k-percent
A semispan slate : - Slightly detrimental 1(e) 5
. Model 6
Bingle vertical tail Ineffective for loading .
A moved rearwerd B e — 4, beneficial for 5(d) 6
4 1.7 inches loading D
Duel vertical tails Ineffective for loading
B added with same tafl | __________ ——m———— ~| A, ineffective for 5(d) 6
volume as original loading D
slngle vertical tail
Dual Zerti“l ;‘ﬂa Ineffective for loading
c moved rearwar A, beneficial for 5(a) 6
1.0 inch to have same losding D
tail volume as mod. A
Model T
Wing fillets
A A3ed Detrimental 1{g) 7
B Duel vertical tails Ineffective 1i(g) T
Large qual vertical | ______ ___ Not
¢ tails Bemeficial 3(e) presented

A
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i TABLE IYI.- MODIFICATYORS TESTED OR MODELS . Concluded
Modifica. Modification mede to Effect on spin Modifica~ Data
1o g - snd recovery tion shown|presercted
n Wing wir.\g-igip rudders Vertical fin Other part cheracteristics in figure | in chart
) Model 8 O
A Spoilers 81ightly beneficial 5(£) 8
Iﬁ;::.::l to 8° Ineffective —————— - 8
Large horizontal tail neficial in Kot
¢ Moved rearward added B&m&gﬁ Bin 5(2) resented
Kodel 10
____________ e Not
A v 1finl Ineffective (&) presented
B VYentrsl f£in 2 do 5(g) Do,
[ Vertical fin 1 do. [ 5(g) Do.
D Vertical fin 2 do 5(g) Do.
Y Vertical fin 3 da 5(g} | Do.
F Verticsl fin b do 5(g} Do.
4] Vertical fin 5 d 5(g) Do.
¥ Vertical fin 6 d 5(g} Do,
I Spoller 1 |we——cemme——mweceee—--]|  Vertical fin 2 do 5(g) Da.
J Spoiler 2 do 5(g) Do.
X Spoiler 3 [ Stg} De.
Longitudinal & .
L fence 1 5(g) Do
Longitudinal
¥ fences 1 and 2 4 e Da.
Longitudinel | ___________ 1, 4 .
B | fences Lumd 2 Vertical fin 5 5(g) Do
0 |Blevon spoilersje-memememmmmcemnceemn Vertical fin 5 — d 5(g) bo.
flotted elevon; 0.
P glats 1 ’ d 5(e) Do.
Slotted elevonj do Do.
Q e 5 5(e}
Vertical fin T; a
N . dorsal #in 1 4 (g} Do.
Verticel £in T; a
8 dorsal fin 2 ’ 4 5te) Do.
11 Yery alightly .
w Supplementary tal Eopeficial 5(a) Do
u Spoiler 5 da. 5(g) Do.
v Bpoller 6 da 5(e) Do.
W Spoller T a6 5(g) Do.
b3 gpotler T [=smememocccccacccaaee Vertical fin 2 4 5(g) Do.
¥ Aupplementary tatl 2 Beneficial 5(g) Do.
7 Spotler k - do 5{g) Do.
Vertical fir T; rear-
At ward portion movable 4 5(&) Da.
as rudder
¥odel 11
Allerons L {ET——— 11
L draoped 220 Ineffective
o cherd. BL1ghtly beneticlal
B ble; ailerons in improving trim ————— 1
arcoped 22° comdition
¢ Fin A Ineffective 5(h) 11
Slightly beneficial
D Fin B in ixproving irim 5(n) 1
condition
B Spollers Ineffective 5(h) 1n
- Fins and rudder moved
F o[ ommmmmmemmeee i tip Ineffective 5(b} 11
4] FinC Ineffective 5(h) n
E Tin D Ineffective 5(n} 1L

~NACA
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CHART 1,~ SPIN DATA OBTAINED WITH MCDEL 1

nless othorwise indicated, steady-spin data are for rudder-with spins of the model in the cle.an condition

and recoveries were attempted by rapid full rudder reversal; right ersct spins’]

S UNCLASSIFIED | 21

Loading A ' ' Loading B
sgainst Neutral With Against Noutral With With
v|sip [ufwinfop{oju!lNipfuoijujnp |viu{n |N|D]|]U|N]|D N |D
(a) Ka) [(a) |(a) () (a) [(a)|(a) | (a)(e) (b)) ¢)
36 82 [39 |— _119_ 76| 6] -- 81 | = 6l —] 77138 |-~ %1 | —
20 {%| O[W |——wiW |2D| N| O] 3D}~ |N |¥| 1D}-—}|W |20} N|=] 2D[8D [ N 5D ||
0.0 °[0.92]0ud-— | ° 10,54 ° |0.70} 0059 — | © | °| 0,85} 0.l © |0.62f °| ——]o,72 [0.52 | ° 0,10 —~
220 8| 133)20k|173 | s fuon | s 1162 {2051 — |8 18| 136[220]8 j265 | 5| —i260 Jo02 [~ 8 s 198 |-
1% ARHRERHE P ? ?
. PRI R P! 1 . -
i n 17‘- lh n|G|alk . nfnp 6 3lnl2 |n s L n n 1&
T
Loading D Loading X
Against Neutral With Against Neutral With With
ol N b U [N U N [o]u B vy | [ [ N[D
(e) (b)
o, deg’ 8y | Sk ‘80 | 53 [--| ko 3] 8 | 62 |- 73 | 82 | 51 59 | —=
g.deg | w|n{ 1p o |win 1 [ op {~|am] 0l 0] 2 |oour] o0 |30 | 8D o)
Y rps O 1.9 21,0 | 0y | ®|°|_0.79 § 0,57 | == [0u54 | 0472] 1,00} 0,57 | evew | 0,71 {089 | 0uli? 0u15| o=
s| sl 133209 | s|s| 251 282 [--] 231 {262 {133 J202 |280 [473 | 163 {187 178 | oem
| K
S — e || | B | —| & | —_ 1 .
recovery} * | B n|n 2 513 73& 5 5
Loading @ Loading &, flaps domn 60° L:,u. exb“ ;néed 8 Loading A, landing condition
Against Neutral With Against Neutral With Against Neutral With
vl N [D v [§]o[ v ] w [p]u[wlD]uin|o} v}l niDfu|n| D|vU X {D
(c) {c (b
| 65180 | 381 7% | 49 | emlomioe] o] 75 o] o 179 | |-
¥| v| 1 | N|N[1D | 5D | —|omjoe) Njem{N}H) O lomelomiW| NI O} N| NN NI N[N NN N 6 |- |
0, rps |° | 0.640.88 0,39 | °1 % |ouqh [Ouk | =]l ool © [ [° [ °l 078 oue { = | Clourd °f °}° el o1 °1° I°lo.6210.U8 |- |
s | _162) 125 | 215 | 8|8 | 295 | 189 | —|~=| [ 8 |~ |5 | 5| 158 || is | s|I47] 5| 8|8 s! s{sfsis’ls 205 -
P plp p{—lp|Pp PP p|Pip p|plppip o 1
E S ST PO S I ¥ 05 FURNORN DU I S SR I 9 DU T I NUUND UV SO U ) S O I N ifijijdi|i i 13 -
n nin n n n n n n nj|n n ninjnin |n
Loading & - Modification A - right rudder 60°, [ Loading ¥ Loading H, ruider-neutral spins
lagt rudder 0°
Against Neutral #ith Against Neutral With With
uU[W Djujf Uy N] DU ¥ ojul ¥{p [ v | w |Bl w N[ D (g) (2
(a)| (a) (o) | () (£ (v)(b)
69 | 65 |71 | 78] 67 =} BL IS feeee || 8L e e |
qln ¥|iw | ID ) 0 1 |¥[N—]| O0}6D jmme|--] 1D ——le=| ¥ " N — | -
et e o i o ° ° °
0,55 | 0,64 | 0.72{0.78 | 0.58 == 10,56] 0.24loune |on | 0,58 fewlew| s s — -
s|s 18 | 262 | 162 | 158 ) 162 (s |s| 1731 13h | 200 {re— |-~ | 158 —l=-| p P p |
i g i ) 1le ; E 3 1‘ 55 i L i
ala al*—1 3 L 55 | wmm ala 5% (7= 20 . Doz |-- A [ n n N

;m conditions possible,
lodel oscillatory in pitch.
°Steep spin, high rate of descent.

Two types of spin.
;lbdel went into steep rapid spin after rudder reversal,

Wandering spin.

seForast Eua,
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I NACA RM L50L29

CHART 2.~ SPIN DATA ORTAINED WITH MODEL 2

Elnleu othervwise Indicated, steady-spin date are for rudder-with spins of the model in clean
condition and recoverien were attempted by rapid full rudder reversal; right erect opinig

Loading, A
Losding 4 rudder conm]s.i neutral
AL Against With
Alerans Tull 17z Heutral ) Fall Againat Neutral With
Elevators | y | ¢ i
X |b|n{ T ¥ B h/ap L U Uulsx D T ] ]
a}(o (o) @ |oeal @™ 2| & lodedoned B L@ L F[2i° " | ® @@ fow
@, deg = =T BT x| a]%,3mheller,2ol § | §}33,26] 38 oo, M2j39,32; 32| ¥ I BERE = | § [222]3525] -
§, deg - =1 & | o| & {30,50]20,10|30,20] 5 | , | 29,20 v en|1m,e0 N0, 10120, 0] M a - — B
o, xp8 = Jo1 2 R ED 0.37| 0.38] ) z2]osrjol 0.34] 0.35] 0.39 ? plele | p [0.23] adof o
¥, fpa == 12131 ;| afjnf 08 ee0| e0b] 5 | 5] 200 176) 163 179| 83| , | n » - : 213 | 2ok | -
% Mo | BB '
Furns P t el 2 1
tor B % s
e e B .,
g
1 .
. Losding A )
rudder controls sgainst the epin Loading B Loading C
Ailerons | pgaingt Keutral With hgninat Heutral Vith Agatnst Neutral ¥ita
olxlp LT u| v p|u |® Filoloivjo|x |D U T | ¥ g |xin
Elerstoze Vloione Pl | F | (e L B U e mcnmEuxe)&)(c) (o) |t} [ ] *P[¢e) | ([P ] (o) [¢e) [
oy deg |RINIRIN| Q) --| X W|x30 po,34 - P33l - | Ml - pe,20] K153,2856,A7) 9,36 | 56,337,264 X} N 153,39137,19 N | 55,hTIA730 ¥
#, deg = T A T - _Buzn ‘m,am,hn 10,211,310 | 2v, 10 AT 20,
Lol I ] I Bl S Bt el Bl I - 2= 8l - o 2| e, o . o . . *lrio. Mg = . o
LPETI L R M 2 0.22 . 036!0 0.33] 0.2% 0.35 onoa-syroaho % [ ©:35/0.38 0.
voeom [z |3 fbale| gf —]1f3] -] - | =206]-]41]a8] 200] 1| 188 163] 18d 17 216 £|1| 1melzoals | 2631 174 189
nia|nfa| el "jr{n n n 4 o n
et baf | 2R oo |>spaploal - | R ¥ | Daalos| | <] [>n
Londicg D Loading E Toading ¥
Alercns | Againat Heutral With Ageinat Feutral With Neutral ¥ith
Eevators | y v | =& T A|{Dn|u v LARES | |D |ygiX D | T | x| D
@ " @i ® @] ]| @] e " Pie]e;?® (oot |t () | () | o) | (o] e
o, deg b4,36| X | o hapia,35] - 1oa,bs[,38 [86,37i38,e3| o[ v|kiad w A | 51,k0[h3,2T) X 323 T 16,40 [M3 21163, 51156, 2149, 3
§, deg 53D Tu,o|es,0] - hm,3p(30,M0 }i0,20] 70,10 T1D, 0,0 [3U,1D 7, 7010 3D 130,200 %0, X0[2U, M o,
0, rpa_ [0.20) n | o[’ 0.22] 0.28] 0.35]0.20} 0.32 } 0.32] oMk} s| o] - | s |5 039l 0.51] s Jo.zg0.ads | -} afo.28] 0.32] .29 0.3 0.31]
v, fpa | 2913 | 3| a76] aou| z01| 160] 176 | 18| 23| 3| 3 =] 3|31 8o s 1 zon § {2397 HET YR
Turns a|n ET nf u ialn n 111f® LETEY ai. 2
H 1 - - [ 1 ;S 1
e | 32 bl 5| b " >T N iR 2 [V g7t
loading G Losding E Loadipg A ~ Modification A
Alderaus Agadnat Neutral Witk Against Neutral With Againat Neutral ! With
ulginlul m|n|evu X |n |o X " » {u v|x | nfe X L]
Elevatora [ca)l (e) | (o) 3 €ed [ | o} | (e} | (&) | (e LA S ) (e} {(e) | (e} |(e) BIDerie) || ¢e) | () | (o)
o, deg =5k hdse vd  {55,%1] 51,10 63,53 b3,42 [sh,ho B6,22] W | W]k3,33}38,16 x]ug,k1 k3,35 [k0,2k 35.312 N (59, 30K1,23 [4%,19 59,48 | 7,36 (40,30
4, aez | - |6v,6050,10 © [, b, 10,60 o, Bue po,m| ©| °[ 2w | & | °[ ww fw,ev [ev,e0] 20 °loved 1wenleuTHet,s0 | 10 | 1D
q, s -lo.g oo = | 0.23]0.26] 0.26 |0.27 [0.27]0.33 w| o] 0.27] . ] ] 0.35[0.39 | 0.%5] 0.2 = 3] 0.2) 0.33 3| 0.32 [ 0,33] 0,35
Y, fra | -| 1667 16615 | x| .166] 10 | 157 | 163 eogf 3| 3| o7 - | 3 8| 195 15 7% 201) 207} 163| 176] 1%
Turng n ol n n 1|88 1 PR e
e | (aa|3a]t ] e pg st aat a2 e TS T BT e | < -
Loading A - Modification B Losding A - Kodification C Loadling A - Hodification D
Adlerqms | Aesinst | Feutral With Againnt Heutral Lo Againat Feutral With
Elevatra | g | Rip| U | ¥ vl R DRI T I S A A O T LA I T A IR ] A R
@@ o @ |® @l@] ® [ At @i i@ e[ 6 {e) @ {6 |t @ | @
«, deg 36 N (18,42 x| &8 [55,%1 35 B 3n I8l |38 Jbr,37[k9,42048,38] 36 46,03 ] k3,3% [38,21 gke,ao 49,31 |Wa,26
§, deg | 30,10 ° W lv,sh YEnw o0 w 3w, 30,%| °fi,30]1w,20 [, 20|20 20{ 0,0 20 60,20 W20 hv,3p] © [3,20] 1w §%0,10
@, Tps 0.3} sio.33t o] o] oot | 0.3 - 1o} 0.31] o.hi] o.bh| o.kel ok3luks | 0,32 2 [ 0.2210.43] 7 0.30] 0.38] O.UA)
¥, toe 8] |36 w57 3 il 157 163 | 1] =g 3| 16| 1| 1m| we] am ase | 0| § | eo7| 207] 3] 2e0] 152
Turna n n n n n
ror 2 14 & | o] = - @« | = LE L B 1 1 T i ] "
recovery - 23 3% 2% '1& 2&'
8Hedius of spin too great to permit teating completely. - -
'ghu types of spin.
'‘0Oscillatory apin; range of values or aversge value given.
Oigual egtimate. - g
ex of elevators ta dovn. e gpT: ,,,,.3::5‘::&:%-

¥ by
fRecovery etteapted by neutralization of rudder controls, ~
Eogesllatory in pitch,
hli'nm!eur.g epin.
teep, wandering and oscillatory spin.
Jvinllntl: ascillatery in pitch, Amplitude of oscillation incressed wtil model pitched inverted snd then atopped spinning.
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CHART 3.- SPIN DATA OBTAINED WITE MODEL 3

.vNLLwa. Vit

23

N E!nlens otherwise indfcated, steady-spin data are ior rudder-with spins of the model in the clean
condition and recoverles were attempted by rapid full rudder reversel; right erect spins

Loading A, rudders against spin Loading A, rudder neutral spins Losding A
Allerons Against Neutral With Against Feutral With Against | Neutral “With
Elevatora| U { X | D | U s{p|v|x|p}{v |K]|]D|ou|lx}|D| U|=®|[D |UK|D|U XD U|[|HXK D
b) (ab)| (ac) (q) (g) | (pd) (ba) (ag)
. @, Geg — T | =] = | =] 36| 2 25 e [e—] & 32 28 W | e
g i |— | B R =13 W ] K | X | ®R|x [——=]———[ 0 o DX |F|X|NiN|X¥ - X
e | —°|° = —]—=[om|oajeal ° |°]|°|° e |o.aenaEl® |°|°|°|°|°em™— 1] °
Y, fpa 377 | 8 ol 366 | —-- | 350 | 319 | 3%0| 361 5 5 L B B350] 319 | 30| 3635 | {8 |s|5 (=8 258 [-am s
r| P p jo|Pp|P 5 plep|2ir|{p|P ]
Turns 1)1 e | L |1 1)1 EA KRB 1
for' e 2 8] o e em % | 1 L) 2 a|laja |- = | ot % niefnfajninl b fue 2
recovery 2 | Sp
Loadicg A, slot w, rudde:
EE b ainot opin e Losding A, slots open Losding B, rudders egalust spin Loading B
Ailerons | Agminst| Neutral With Againgt | Neutral| With Against | Neutral With Against | Neutral With
Blevators|y |5 | o v |x|pf v| 5] pjv [x[plu|x|{n| vixfplulw|p|viNipjv ix {p |UiR{B|U IN[D|U ¥|D
(a) (1)) @) (1) (a) |(1) | (a) I(2) @)
g, deg . 29 el 30| 26 57 |-=- Pl 38) 33[ 25 e [---| | 1] 28] 25
y, deg ¥ix| K[ 1ap|® X[ 4p[ Lp| spi|X |¥ |N|X K K| w|---[N| N X (N | oo fona [N sp| &o{ Ol X[F | X K| 3p| ] 1w
o %% °Tom |Pozzfo.anoes|® [P {°|° |° | o8 1°] °1° |° [ |=|" [o-BB[o-Toje.13| °| | ° °o.22[0.Blo.2L,
Y, fpa | % |5 | s[ 377|s 8| 318] 329[ 350 (8 |® |58 |5 |&[FT|-}8 | 5|8 [8 |-—]c]|8 | 330] 3%0] 350} 5|8 | & s [ 28] 372 378
plpi® ? [P ?le|olpie |2 r|rip i P rlpip ? r
Turns i1 141 [ A A A F A 1|1t fe 1 tlafi H .
for min | nf____[oin| __|enle-[Blr{n(nin |8 o Lofnfnln @ |l ]aidB ] e cen] el BI BB PPy | @ t - IFY)
rECOVETY
. Losding C ading Loading D
Tudders against apin Ia ¢ rudders sgainst spin loading D
Allerons | Against) Neutral With Againgt] Reutral With Ageinat | Neutrel | With Ageinst | Neutral With
- Elevators |U|X [D|U|X|/D|jU | X |D [U|N[D (u) x (n) v|x|p|u|wi{pjuix|p|u|{X|D|T (x)n v|¥ |plu |x|b>
) d 1
o, deg HEESEE 53| 3k 25| 64 k9| 35 56 T4 [ 13 6
g, 2=z | B[F|¥|%\ 5 3 G| | ¥ |¥|¥|[ | | | W W[ eo| N F|X|Hix K| NIK|N "~ F | 20 off| m|.an 1
-] -1 0
0, e °i°i°l° °lo.mlo.zfooas ° | °1° b3 boazfo.t8jom. 8.5 | O Sl ey CC il )| °|° et [o-2]0.15] [o.23P.21]0.29
si8 | |a]|B; B g|s|s ] s s
v, £ 298] 320 288 | 329| 258/ 253 282 S| s |53 (58|58 58;: p 234 2k 239 | 234} 2kk
2 *%  iplpipir|n® cad Py 329) 298] 25 2 ot eleln|o|elz|2|r 2 |22 Sy | 222 3“
Turns i jijili|1 ilifi| a2 %1 alafajafele|e]a|ajs] fft) - 2%1 4l 3313m
for 2in |8 {R]B] B} cee| cem| wee|B | B[R 1 '{% w | o jroe nlze|n|njpinjr|n|ajnl . 2| a n 3 2
recovery B 3 3
lozding E Loading E Loading A, pitch flap deflected Losding A, pitch flap deflected
rudders agalnst spin down 15°, rudders against spin dovn 15
Ailerons Against Xeutral. ' With Agalnat Reutral With Agadinst Neutral With Agelnst Keutral With
Elevators | U{R { B plv|®}D|lu|{x|pju|xiD pluiwipjuv|x{p|{vulx|p ju|(N{Dpjuixin] v |xiD
(a) (&) () (a) (8)
o, deg | = -~ - 25 57T | 29
§, 6 [~Ix |x ¥ r x5 |x|n %|x wle el e infoa = ®n |nls|nln|s o[ 2] My
Q, Tp8 --l0 |0 [} o|ojo}o|e ole oto o|o to|o |o |--=[0.26]0 o|o|o |o jo | 0}0.25 -0
¥, I Tl js |Tle (8| TIsjals |88 s|s sis | 5|s [s]s |8 | =" 3|, s |sles|e|a|s] 2P | —ls
»|r e[ fei{ri2|®|p PP rle |2|p |2 |P I EEREAERERERE] ?
Turns [ B ERE tlafififs 11 il fofL |11 |1 IR N R F Rk
for m=wll A wmet O | ==d B njln |0 k== n|n nin n n n n o mam |ome= D n n n n n n . >8 n
recovery

SLarge radius oscillatory spin, average values given.

byandering spin
©Steep wandering epin.
Sscillatory in pitch.

®Recovery attempted by moving rudder to full with the spin.

£y1aual observation,
83teep spin,

hRecavery attempted by moving rudder to full against the spin,

1()lc'd.i!.J.d:c:z-y spin.
Joccasionally cacillat

ed out of apin.
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CHART 3.- SPIN DATA OBPATNED WITH MODEL 3-CONCLUDED

NACA RM L5OL29

Loading A, landing condition, Loeding A, lapiing Yoading A, landing condition, slots
rudders sgainst spin condition closed, ruiders againat spin

Allerons Against Feutral Ritn hgsinst | Heutral | With Agatant Neutral With
Blevatora | V | 8| 2l v | 5| o | vt v| p Jof{x|pjuir|D|t{¥|Dj U (R |D|[O | x|l D|UOU | ¥ |D
B | @ | ) (1)

«, deg 27] - 35| 3] 22| 26] 7| 28| 33 - 26| -1 331 30| 29] 29| wo| 351 30
#, deg go|--| | | e} | | | =0 | ) RF|TIF T B(BE| swl-—] 20| a0] 3w]| 20] 2v] W] M
Q, o8 0.13 | --- [ 0.16 |0.15|0.27} 0.18 {0.21{0.20 0,21 alalslejele s| a 0.3 | == |0.19| 0.26 |0.20 |0.21} 0.20 [0.21 |0.22
¥, fpa 350 [383 ]| 3% | 3e0 | 360| 308 | 276 320| 329 1;. 1;_1; 1;1;. 1;. { 1;' 319 | - | 324| 303 ] 319 | 319| 276 | 298 | %8
Turzes njajn (ajan n|ln .

for T T B el [ e L T B el Rl - wumm | amw | amen] cave | wnen | anen] ceee | onen feuea
recovery

Losding A, landing condition,
’ulatn cloaed ' :N: A: C:A,:
“Llrge redive oacillatory spin, average values given.
iOuc:i.l.l.nl:a in,
Allerona ry spin.
Agalost Feutral itk "Increuain; Tadiua — may not spin.
u Rjp{¥ ]| R|D U K

Elevatars | () 1@

o, deg. m———— 30 ———

g, deg e |R[E[F | B K w -

f, tpa —.._lolale i ala 0.15) —eea] came

A ————| BB B 818 ] —

— sleip | o|z 2 L

Turna ti]i] 1j1

for eeme | B |n | 8la - PR3 p—

recovery
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NACA RM L50L29

CEART k4.~ SPIN DATA OBTATNED WITH MODEL 4

UNCLASSIFIED

[Unlesa othervise indicated, the steady-spin data are for rudder-with sping of the model in the clean
condition with split trailing-edge rudders installed and revised elevon deflections: and recoveries
vere attempted by rapid full rudder reversal, right erect spinsﬂ

25

Loading A, circuiar-arc type rudders installed, original elevon deflections
Rudder With Neutral
2ingt 1 LA Against Neutral With
Allerons Full 1/2 Neutra! 12 Full gains eutrs.
L 1/2 1/2 N U
Elevators| U |-N | D 142 R IR (, U 1/1 ) p| v|wN]| | vy | m|¥]| @
a, deg N N | N 4 N 4 37 34 33 | x N [ N 5 N N 5| N N
° ] ] o o o ] -] ] [} t [-] [} [} °
g, deg i) U 1w 2U e °
8 8 B B 8 8 B8 B 8 B8 e ] 8 8 B
I 23 24 AR RSB AR R
i 1] 1 1 -
¥, fps n n n o >190 n n 196 182 194 180 n n n n s n n 21k n n
P
Turns for ché csi Cdkl ‘:7.1. c.( Cdl(- o cdh c7 c5 °du i c5 Cdlf €0 cde
recovery 2 2 2 2 a
Loading A, circular-arc type rudders Loading A, circular-arc type rudders installed, ori
b - ginal
installed, original elevon deflections elevon deflections , modificetion A '
Rudder Against With Against
Allerons Againet Neutral With Against Neutral With Reutral With
! U U iuipju|N|D| v [X D U p| Y. | ¥[ U &)
Elevators| U | R b (a) ¥ D (v (&) N () (e)
a, deg N| 81 N N| N 30 NN | ¥ [ K| W 42 15 N - 5L | K N 33| | ¥
of| o ololo|o} e ° ° o ° o
@, deg elel e 1D 2u b} o 0 1D
st 8 8 st 8 5p 818 | 8B} 810563 [0.62 g foefobL] S lo6} 212
8, ros ploelo pl %™ eleie|p| 22" » » » 2| p
Vyrpe | | D) lisemg | | Y] m8 | LfE |t ir LY g g6 1| 18] w0 2]em | I wE] |3
Turns for | c c, fed 1 ¢ Jedy e kgle €4, jed > L_ 13 |cd 1 3 cd,) c cg | cdg
recavers | | °3 ‘135 5 {¢d5 12 [z %0 | %2 %) >6 pr-ag (| szl 3 7
Loading A
Rudder With Against
Adlerons Against Neutral With _ Against Feutral With
U U
D i N D U D D D
Elevators v N D U N (v) N (%) N (b) N
a, deg N N N N N N N N N 20 N N 26 r; l: 31 N 1;
T o [ o [ o [ ° ° ° ° ° °
4, deg : 3D 3D 2D
f s s s | s s s 8 ‘8 5 fo.53 8 0.45 s 8 0.51 8 s
reafi I B R 2| HE 7|
1 1 i
v, frs n by by B a a n n n 08 n by 99 o b 199 1. 1
Turns for el [ cd. c, c cd, c c cd, c cd, [ cd, c cd,
recovery %z 7 8 10 T 18 11 6 , 8 6 7 5 16 8
Loading A, modification B .
Rudder With Against
Ailerons Against Neutral With Against Neutral With
Elevators u N D U N D U N D U N D LI N D ig N D
a, deg N N N N N N € N N ¥ N N N .4 N 29 LN
° [ ° o o ° o o ° o o ° ° °
g, deg w -2D
] 8 B 8 8 8 n B 8 8 8 8 8 ] 8 B 8
e Rt N R A N I I S E H
' 1. i
v, fps n n n n n n 163 n o n n n n n n 182 n n [
Turns for .
recovery | S 1 | g €10 c’é Cd"( >7 e13 [cdwo | <9 5 edy °7 g "514% e | <dg

t’-I..a:.-ge radius spin; model mey eventually recover.
Wendering spin; slightly oscillatory in pitch.

SNumber of turns required for model to stop spinning after being launched with inftial spin rotation.

dAfter recovery, model goes Inverted.,
€0scillatory in pitch.




CEART k.- SPTN DATA OBTAINED WITH MODEL 4Y-CONTINUED

Loading A, modification C

NACA ERM L50L29

Rudder With Againat
Allerons Against Neutxral Hith Against Neutral Hith
i u N i) u ® u ]
Elevators | U N D (2) N ] ) (£} D (eg) N D (eg) | (eg) 1] (eg} | {eg)} | D
q, deg F N .| 33| N N 37 45 N 36| m | K 6| 8 ¥ 39 9| ®
goaeg |[° [ °]°] aw|®)°] ww| aw} ©® w| °|° P °l a] m} °
a a B 8 B -] a 8 a -] s
2, rps ? P » o.43 » " o.hé. PR} r 0.62 11, E 0.5 11, i, 0.5 | 0.65 f
Vyeps |3 | 1P L oussy 1l wss| E} e L|E | wms| 2| 1| 10| 263 !
Turns for d
recovery c:9 CT ctI6 @ €1 ::d12 o w cd,l g [ 3 c7 cd6 cda
Loading A, modification D
Rudder With Ageinst
Ailerons Against Neutral With Ageinat Neutral With
u K
BElevators | ¥ K bl U s D (eg) )} D u K D U N D u (eg) D
«, deg N TR E F|=® gg ¥ r| s F|x 8 7| & s [ 28 ] ¥
o* o o o ] o o a t o Q t [ [ t )
§, deg au e e e bt
a 8 8 a a a8 . a8 e B 8 - a a e 8
% rme 7 TP | @ Pl |@3B]| | » PP z p|lr| g PP] 2
i 1 1 i i i 1 i i 1 H i i
¥, fps n n n n n n 176 n n o n | n . n n o | 260 n
Tuwrna for d, B » d ?
recovery | 12 [ 18 |“a8| %15 {7 5| = | G5 |hol %) |Gl 1) {hol 1 e
Loading B, circular-asrc type rudders instelled, Loeding C, circular-arc type rudders inetalled,
origipal elevon deflections original eleven deflections
Rudder With With
Adlerons Againat Neutral With Againet Neutral With
Elevators | U U . U N D 1
my | 510 [ S P i@ | m]Y | ¥ L L N I R
ay deg 38 N R %4 b3 Ly 5 LY 39 B )| N R N N N N )
i} -] o 0 o 3" L 30 Q - -] < -] -] Q o ]
&
9, seg a 8 9 8 J—H— s 8 8 8 g | s s a s
&, rps |0.23 B P |ok1 045 p |lokis |06 |05 | p D ] P B | P 4 P P
i 1 i 1 i 1 i 1 1 H i i
¥, fra 197 n a | 185 185 e |77 k| 191} g n n n n|n n n n
Turzs for c [ > c ¢ [ c c [ ed e ¢ cd
recovery |59 | C5 | Car g Y6 | w20 P29 | % | S [T e 7 T | w5 [T
Loading A, modification E
Rudder " With Against
Allerons .
Against Reutral With Againgt Feutral With
Elevators U ¥ N D U ¥ L
U D [ u ¥ o D I
@ {a) § (k) (ea) (e) | (o)
a, deg ¥ E 6| w | 5 %9 70 ] N 4 35 N .4 46 35 N
o [-] [-] L] - t -] o a [-] ]
@, deg m U b b} e 3D w 3D
a -3 8 -] e a a a a8 a
2, rps i) 2 0.76 1; E 0.53 | 0.76 |0.86 5. g g 0.67 1; g 0.63 |0.69 z
¥, fpa n n 15[ o n 176 | 126 | 123 N n n 202 n n 185 | 185 n
Turns for 4 P
vecovery | 20) 0| “ | %z2|%s5| * ” & :11 “3 | 12 ©3 | %o o

“Number of turns required for model to stop spinning after being launched with initisl spin rotation.
Yprter recovery, model goes inverted. .

€0scillatory in pitch.
rWa.ndering and oscillatory in pitch.
sn'arutleri.ug apin.

h.

Large redius spin, model msy eventually recover,

Wandering spin; slightly oacillatory in pitch and roll; range of values given,
'TVisuaT. estimate.
Oscillatory in roll.
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CEART }4.- SPIN DATA OBTAINED WITH MODEL A-CONTINUED

Loading D, modification B
Rudder With Ageinst
A1l . .
erona Against Neutral With Against Neutral With
Elevators | v ¥ D v | w D vl N D v N > v N D U N D
(1) | Gw) jCm) [ @) p-(m) | Gmd ] (3) ) (m) | (im) (8) | (p)
. 3 6 | =8 0 56 s 8 8
o, de T % 75 E § s | w | s
s 9% 3 95 %0 3| (S N t o t t t t
hilog i - 6U b e e e e e
¥, deg w | 2l o] of & aw| o 5| ¢ ¢ : : : : :
o, rps  [0.91 | .26 | .4 ] 0.96] 0.98 | 0.92 {o.72 | 0.95) 091 | % b4 1 P ® ? P
n a [ 8 8 8
v, fps 246 231 231 246 231 234 263 25 2ko ; » D M 291 278 »
i i i i
Turns for 8 . 8 6 i
recovery > 10 i :12 sis | 11| s15 ) 7 >6 | ey 2 fey n n n 2
n>B ué a6 42 a7
Loading D, modification D Loading D, modification F
Rudder With . ! Against 300 With
Atlerons Against Neutral With Againat 1:::; With Ageinst Neutral With
Elevators N N N N D u N U N D
ui¥in v D u D U i} U v () D »
ay deg )13 NN 8 8 N B8 8 N 8 s s 8 w N N 8 R 8
-] ejo t t o t t ] 11 t t t [} o 0 fmed] 1 [} t
! e e e e e e e
g, deg s 8}s : : 8 :' e| © e e e e B 8f 81—+ o 8 e
8, s B Pfe . p |3 e | 2l P 3 LI I of 2 P
i
¥, frs | nin s I 8 s B s 8 8 s n| o] ol 328 g | n 212 ] 3]
P P h:J » b b h-d P 1 P
Tums for| Sl s|%0| 1| 1| | 3| )| T} 1| T 1 |%w|ce|Tu| | i|%y|>%F :
recovery n n n n n n n n n a
q‘2’( q30 %0 qso q3° %6 .q‘3o 415 q15
Losding D, modificatiqn ¥ Losding D, modification G !
Rudder Against 30° with . i 300 Ageinst
Ailerons Against Neutral With Against Neutral With Against Neutral With
i U
Elevators | U n!D fu {nw |2 u] gyl | U] |0 jU|x|D (g) g {2 |V ¥ plulEin [ | ¥
a, deg kg NN 8 8| W 8 S| N X N|X |ss| X |K S s | N X N [8s{8s|K 8a N
o ofo t t] o 11 10 ° olo (tp| o tp[ o [-] o f¥pitpio [ |tp [}
§, deg e e e| e el e 1 eifed el
Yy 8 s |8 e el| 8 e| el B 8 8|8 |en| 8|8 en| 8 8 8 lenfenj?® enf| ®
+ TS rl2ip |p p[?| p| 2}P | 2| 2iP lp PP p | P | Py |p |?® ? P
i i1z i i 1 1114 i it 3 i i i 'T i
v, fps 2| nln | g st B8l ol eln| ol sln nin | 3% 309 ninie n | 34 n
bl P P P e edy 4. > " Qg o cg |4, q12 cd. Q.l
Turna for| cyy| ¢15/dkyal * i 1] 1ledy,|c12 (%8 12dor €10 |¢d)5 919 8 12 5
14 “15/%10 cd. 12 11/
recovery n n|*¥10] n n ok
U3 %2 95 {us 21/2
Loading D, modification E ) Loading D, modification I
Rudder With Ageinst . With Againgt
Allerors Ageinet Neutral With Agalnst Neutral With Heutrel With l;;:i With
Elevatora | g plu v |b> flojufutop vlw{o]{ | io|v|Nn|o|¥ ||V (U) xlop
¥ (p) (o) | (p) 8
«, deg g N| N |SsfS sf ¥ 888 sy N X KIS sfS5 s N ko S s N N[Ss| K N I8 s Ss| N
[} ol o]tpt pl o M TPt p| © o oft pt p © t+ pj © oftp| © o |t pj—tp| ©
g, deg s s] s |edfe 3 5 etle 1| g | a| sle fle 4 & 0 e i s sjes| a| &8 e & e: s
D pl p|enje o p enje n| p| p| ple tfe o p e n p| plent p| pje n[ |e »
Soms 130 3 ile 1l dp P A I I P PO R ? il e taltte ]2 |1
v, fps n ol =» BERE:: n|lao}ln ] n | 306 ggg n| n n| n 385 n
) [ c
i“iﬁieﬁ’ “u | ©12f a7 %5 %0 |°20 %5 [ 1 20 +%20 Gy {% 48 | “20 | “18 25 %30 | %

“Number of turns required for model to stop spinning after being launched with inmitial spin rotation.
dAfter recovery, model goes inverted. .

zFlat end wandering spin.

mO!cillatcry spin; range of values given.

"Recovery attempted by elevon reversal,, stick moved from full back to full left and forward.'
0,

Y pted by simult: rudder and elevon reversal; stick moved from full back to full left and forwerd.
pSteep, wandering spin.
Yumber of turns before model strikes safety net.
rRecovex‘y attempted before model reached final strep attitude,
sSt.eep spin.
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CHART .- SPIN DATA OBTAINED WITE MODEL 4-CONCLUDED

\FIED

NACA RM L50L29

CHumber of turns required for model to atop epinning after being launched with initiasl epin rotation.

Loading D, modification & Loading D, modification K
Rudder With Against With Againat
Allerons ’:;:I With Neutral With Neutral With Neutrel With
Elevators v U N U N ¥ ¥ u ¥ D
u N D (8] (8) D D v D (m} U D
o, deg N N ¥ N 5 a N ] N N [ [ [ ] So|N
o o [} -] tp [} a ] -] -] [} o [} tple
#, deg e 1 el
- a ] L] [ e n ] s L L] ] 8 ] [ en|®
Q, rpe P ] ] r p -] b3 r T P ] P )] p b
1 i 1 4 i f i i 1 1 1 1 1
¥, fps n 2hg n n | 315 n 315 n n n n n n 297 n n n
by e o, ed [ ed cd,
osndtaalll I S 2 | 0 Rt Ca | C2 | Fao| %0 | 20 | o “u| o 10
Loading D, wing-tip rudders neutral, modification L Loeding D, landing condition, wodification B
Rudder 300 With 30° Agatnat With
Allerans | pogtnat Feutral With Agatnst Neutral With Agadrst Neutral With
El ¥ | v ¥ |b»p K D ¥lo | BN 5 |D " v ]
evators (t) (&) | (1) Wl 2l tmy N rro () | (og] °
o, deg bt F [8a{8s | X 37,66 5 s F|{K |ss]ga .4 39 f8al 88 ™ *{ss 9| § 58 6| K
-] -] tp|tp -] typ of o tpityp o tpl ty tp T ¢ ]
$, deg s . eil|est s W) ey el s effes . Wleilef| W Id|es 1D 2D 1D
en|en en en|en en]len en a .
@, rpa { 1; , s ,i, 0.61 2 » i s s 11’ 0.65 s | p L1:08/2.05 | 2 0.7 f 0.68 | 0.19 1;
¥, Tps o o n 282 oln n| 38 234] 23 2k 5 263 25 ) 4
Turns for | © Ly | %y e q cq cd | 4 ot
ey | 18 | 29 | 21 | "an | S 26 | “13 |%%s| %8 | %9 e 20| %50 % Yo 38
Losding D, landing condition, modification B Loading E, modificetion B b
Rudder Against Hith Againat ’
Allerons Ageingt Keutral With Againat Reutral With Againat Neutral With
Elevators | v [ ¥ | b | ¥ I8 [ ¥ |p|w. D K ] LR LA I
¥ e | (g} FI2| T R|D |V eV »|v P [ (en)| (& | ()
o, deg i Nl m [sslas | N Ss|F |F|x|N]|] F|E 62|us5,75 K| Ry W [ ¥ | ¥ | ¥ [e2,4
a ol o |tp |ty a tp| o o -] o oo -] e o o o o
§, deg . ol o [2iles |, et ou{ 11p70 20
enlen en a -3 [ a a B L] a a1 a 1 .
e R E RN M R e HE E R e
1] 1
v, fpe o z| n n | 34|35 n [ndialan| nln 202 28] n| n|ln|n| o] n| 2% 263 2kt
Turns for e. ed. ¢ c. [} 3/W
zecovery | 2 | 2 |12 %7 | % (9% %1 |16 | 34 [°%28 P18 | "1 53 2 gék 11| %0 42|32 | 10 [“h2
r

A pter recovery, model goes inverted.

€npeillatory in pitch.

sn‘ander:lng spino. .

mmcillutory spin; range of values given.

nRECOVerS' attenpted by elevon reversal, stick moved frem full back to full left and forward.

! Y 1) by simul rudder and elevon reversal; stick moved from full back to full left end forward.
Pateep, wandering spin.

Y% umber of turns before model strikes pafety net.

8gteep spin.

tarter launching, spin progreasively steepens.




Tab

NACA RM L50L29

aved

__ UNCLASSIFIED
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CEART 5.- SPIN DATA OBTAINED WITE MODEL 5

[Unless othervise indicated,’ steady-spin data are for rudder-with spins of the model- in clean
condition and recoveries were attempted by rapid full rudder reversal; right erect spinsg]

Loading A Loading A with wing slats extended
Adlerons Against Neutral With Againat Neutral With
Full 1/ 1/3 Full Full /3
-y N 2 2
Elevators | U N p |3V | 3¢ v ¥ b » |3vu u N D v vl ¥ {(Z¢ i u N
evetor | i@ | (@) | fa | ey |00 ] (o) [te)te) | @) fa) Ut (o) | ()| (o) |(o) 3 Ew]| ()
d — 56 > % R N AR [, b1 39 I 43 . 53 68 % L e e
G CeB nl| &| = M 58 58 6| 55| sk
)i
™ 5D au 1p 1 16D 3D L] D} 17D
g, deg | wemm | 12U Wy 8| T | ||| w || w | o| ™, & [~
"o 75 | o |0.37 | 0.36 | 0.28 | - | ~rer | 0.32 | 0.3 | cooc | cwem | e | weem | o= | 0.32 5 |0.39 [0.32 j0.51 f oo | oo
V, fos >250 | 194 191 | 236 | >312 [>a9k 232 | 230 | >312 [>33% | 2% [>326(>326 | 209 | 1) 151 | 21k | 232 | e }>312
T; T F B 2 3 1 1
Turns % 1% g ;. % 3 1% g e 4 1% l-E B K] f
for £ 1 ® * g 3 z £ & 1 - % 1 e Shanas " €2 3 X %
recovery 3 i 1 % 1= 2% a5 i 3
Loading B Loading C
Against Agalnst
Allerons o - 73 Neutral With Foll 73 Neutral With
Elevators | U N % v U ¥ D D U X v X % v u N X v X
(c)(n) (e) (&) | (c)(n) (o) (e) (c)
68 L5l 0 ko 39
a, deg — 8 |- | - 9 Sl e B R 55 |~ [ o= b9 | ~-- kg [ —-um
1D 20 0 Y 10D
¢, deg - w |- ] Cl el B B B g | === | - | 200 |- | 00 [|=e=
) T [ 0.3 | = | —— |o.27 [ T P T e N N e T e e
v, fps >312 | 186 >300 | >300 238 oth | >312 24k |> 362 >326 | 214  |>300 | >332 262 |>338 256 >332 |
£ g £ £ . £g £ £L
o 1 1 1 1 1 3 1 1|43 1
Purns b W |-t 2 ¥ LE A ¥ M % £
for L 8, 1 1 . A 1 1 | %8y 1 1 1 |
recovery % H I b 2 3 2 35 I I 1% 3 i

Esteep spin.
bLa.rge redivs spin.
CWandering spin,
Sgodel escillatory in roll and pitch,
©Two conditions possible, )
1‘Eecbvery attempted before model reached final steeper attitude.

B

Y

ttempted by re

hOncillatory spdn.
1yigusl estimate,

€.

N .ki-

ng rudder to only 2/3 againsi the spin.
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[Un.l.eus otheru'!.s: indicated, steady-spin data arg

CEART 6. SPIN DATA OBTAINED WITH MODEL 6

and recoveries vere attempted by rapid full radder reversal j right erect lpinlB

NACA BM L50L29

fpr rudder~with spina of the model in clean conditfon

Loadirg A Loading B
t Neutral bk bk
Aileroms Agalna 7 FoL Againat Neutral i3 Foii
u N D o u X D u U ¥ 3 v ¥ D v ¥ | D viuv ¥ 3
Elevators (a) (a) ta)
o, deg 7S 35, U6 Sh 21 20 5T L2 A9 2 |12, 2%
§, deg 5D | 20 150 [ 18 0 o | 30 Igo,30n[ép, 23
a; e 0.18 0.35 | o1 0.57 | 0.6L 0.47 - o.42 |0.69 | 0.78
¥, fpe 265 217 | 23¢9 343 337 221, 255 | 22 3 337
N 4 N N ¥ X « N X X X K
Q a o ] < ) o
- -] o ; 2a1/2
5 ] a 5 a a p g ;jk 8 P 5 5 a t, .l
Turns -3 » P b4 7 P 2] = P P P r r if2 1 L/
i1 |t >§i}§ i i 1]’ x; :21/2 - -1 A I S / 9 1/2y 1;2
Zor n n n - o n n e M ; 55 bcl s bey 14 n n - n n » Wi by 1/2"1 1 1/2
/2 h pe b - b,
recovery bey 55 e 1//2 b 2 /2]t 1f2 cl 1/2 P o3| ™3 b 1/ 1 3/%
b 3 1/% b 1/
b 11/2 .
[ 1
11f2 .
Loading C Loading D
Against With Against With
Allercns Neutral Neutrel
Full 1/3 1/3 |1/9 Tl Full 143
%° 2
Elevat v| n|p |Bu {v]| x p |pju |v]ulw |0D v |5 |D {Zvd v | Fr]XN p{ o |U |&K D
evatom (2)_lia) |(a) | (a) ! o e |3 {a,p) () | (a) | (a)
a, deg 36| 51| 60} 36 b | I 3 53 34,43 uﬁ-rsu ™ [3 b [0
@, deg | 6o ol & = | sp o E 189 13 | w
iy 08 | 0.50 {047 [0.50 0.7 | x [0.51 [o.5% | ¥ [ouke | w o.k2 ¥ | 0.38] 0.38; 0.64] 0.4l 0.42 9.39
Y, fps | 2641 25 ] 199 252 [® |25e |z2a7 [ ° | 20| ° [ 224 [0k [>30] © | err| 233l ze7] ave>e58| 258[> 304 270 [>o067|>eg0l>356 > 336
T : JERNE s Jon
Turn: . *
TR R 3|1 13 Tk | 20,41 2 B AT R ERT LV VLV 28
E - r
o e - TR ; ol I I R Y 3, 17 bl I G an| >s N Tl BT TS <
recovery i ppf = %3 3/ 4 1/ 11/2
3 ) 1/4
b1
Loading &, modification A Loading 4, modification B
b Against Neutral with
Allerons Againat Neutral 13 Tl g8 7 Tl
Elevators| U | ¥ ] U K| D T v K D u |x tD) (D) v |xX|D u u x b}
a, a,
o, deg [ 43 55 23 21 31, 46 18, 45 | b1, 52 o5 2
G, aeg | T | ¥ e | % S D o [ 2@ | 18p rx N R B I D ) & 6
2, rps %"} 0.31 0.38 | 0.6% | 0,70 .64 0. b1 0,51 0.60 | 0.6k
8 8 B ] 5 -3 a 202 | ® ] a |a M 248 35'5
e R e L R A A R .
Turng n n 1 1/h : : : >3 vafel>sife| >3 (n |n Tla |la{a|n - - - 9
for 1 3/h >3 | 5 >5 sk - - - - M
recovery

STvo conditions passible.

bxecuvery attempted by neutrelization of the alilerons.
©Model recovers in an inverted dive.

ode) oscillatory in pitch.

€Recovery sttempted by neutralization of the elevators.
1

¥ sttempted by
& Y P by 8
B ¥ by gimut
ip ¥ pted by siml

J

by

l‘Upon recovery, model goes inte an imverted spin.
"Upon recovery, model goes intc a spin in opposite direction.

ZRecovery attempted by simultapecus reversal of rudder and elevators apd movement of aflerons full with the apin.
n

¥ by simul
CRecovery attempted
Pﬁ'amierf.ng spin.

%odel oscillates in roll, pitch, ard yaw.

"Visual estimate.

SRecavery attenpled before model reached finsl steeper attitude.

tsteey epin.

1 of rudder end elevatora.
neutralizetion of the rudder and ailerons.
nevtrelizetion of elevators and ailerons.
reversal of the rudder and movement of silercms full sgainst the epin.
real of the rudder from full with to 2/3 againat the spin.

reversel of the rudder and movement of the ailercms full with the spin.
by simultanecus neutralization of the ailerons and reversal of the rudder..
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Loading A, modification €

Loading D, modification A

: . With
Allerons Against Neutral 73 Neutral With
Elevators | U N D U{N D U U X bl
o, deg 59 43 5L 37
N N N[N X
| g, dee  |o | o |80} 6|0 | o[ 301 O W
R, T8 0.5L 0.38 1 0,45 0.31
f£ps s s 215 il s 267 | 245 290 >300
v, 2o B ple|f®
Turns i i i3 il - 1/2
for n n 61/2 nin n | /2 1/%
recovery 0 J>7 © 3/%
Loading D, modification B Loading D, modification-C
Against ]
Ajderons Fall ) 7 With
25% 250 [ ¢ 2
Blevators | g | U | ¥ | o | % Sl ¥ v o
33113 3k | 36
e 8 | N3 |5 | ¥
1D i 1D
@, deg . | 6D | D s
Q, rps p | 0.35 0.3§ 0.40] 0.45) P
V, fps :, 337) 227 | 221 | 336 | 283 | 313 4 292 :‘l 3300 | >300 300 | 3300
Turns T2 e | e[y 1|2 el e [T ARYA
for
recovery X 2 ® “ Jrs 3/4 T3 ® ‘!1/2 1/2 1| 3/4
. 2 1/ Ty

cMcui.el recovers in an inverted dive.

Jﬂecovery ettempted by reversal of the rudder from full with to 2/3 against the spin.

pHandering spin.
TVigual cbservation.

sRe:cNery attempted before model reached final altitude.

t:Stee;p spin.
"‘Upcn recovery model goes into a wide spiral.
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CHART T.- S8PIN DATA OBTAINED WITE MODEL T

[Urﬂnsa othervise indicated, steady-spin data are for rudder-with spins of the model in clean
condition; riaht erect apins]

Loading A, single vertical tall
Againat . With
Ailerons Fall 2/3 Ve V3 I Neutral 1/3 Full B
2,
Elevators U ¥ D N 1{,5 K {13 1{;5 N 1,4, ).} u N D 2‘43 v N ]
a,deg " ¥ R K ¥ N N ¥ K ¥ ¥ K N L] . .} R K
a ° a [ o a ° o a o o o ] o o [ o o
§deg .
1,778 2] g 8 8 5 5 s 8 8 B 8 8 -] B a a k3 8
hJ B b J P P b} P
e Dol T ojrobrl Tt olr gy ozl ole|zirojzo]z|oele|c
n n n n n n n n .n n n n n n n n n n
¢ Leadirg A, modification A Loeding B, modification B
Against With Agsinat With
Allerons Neutrsl Keutral
Full 13 ;[3# Pull Full 1/3 13 ol
D g, 2,

Elevators] U [ () 1 (a) 3 lo x| o | o]n | @ T2 |l o ¥ ufx]s
asdeg | N 81 ° ¥ 7T X ) ) N E R i) a1 K ):) R K K X ] ] n K IR
P ° 3 r o ] o o o ol a o |o - o o ° £ oo fo ¢l e o |0
Lo 8 g 8 8 8 s 8 8 ] ] 8 B B 8 a 85 a 8 a s |8
e me sl sHHEHI T RIS R B IR
Vs | o | 386 L I I ool n|wifn |a 198 n{a jn |2 |[a]o|a|a|lnjaln -

8Tvwo types of spin.
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CHART 8.- SPIN DATA OBTAINED WITHE MODEL 8

launched erect with spinning rotation to right, rudder full right, indicated controls reverned_.—_l

33

Elevator
Flight path after
[ Losding Modgei- | SRS | ppjeron Dy el Flight path efter full |  simultsnéous full Flight path after
cation Prior %o getting n before contro rudder reverssl reversal of rudder full elevator
novenent reversel reversal
1f any and elevator
A None Full up Full Extremely osclllatory; Made from 1/4 to 3/4 of | Made from 1/h to 1/2 of | Made 1/h of s twrn and
againgt alternate rolling and & turn and went into a turn and went into  went Into steep glide
yawing motion stalled glide steep glide or dive or dive
A -do- wwed0o~~= | Neutral | Very oscillatory, innmer Made from 1fk to 1/2 of [Made 1/4 of a turn and Made from 1/k to L turn
wing dropped end model & turn and went into wenat into steep glide and vent into steep
yaved into spin stalled glide or inverted apin glide or dive
A -do- " ==-do--- { Full with { Extremely oacillatory; Made 1/h of a turn and |Made 1/k of a turn and Made fram 1/k to 1/2 of
.alternate rolling and went into & stalled went into dive & turn and went into
Yawing motion : glide steep glide or dive
A «do= Neutral Full | Pitched and rolled onto — ——— —
againgt back; went into left -
spin when launched with
rudder against rotation
A -do- P Neutral [ Very oacillatory, inner Made 1/4 of & turn and [ ——
wing dropped and model went into stalled
yawed into spin glide
A -do- ~-=d0-mn | Full with -—-d0--- Made 1/4 to 1 twm and -- -
went into stalled
glide
A -do- Down (10°) | Full Pitched into dive - -— —
against
/ 1
A -do- e=mdOmmm Reutral Extremely oscillatory; Would probaebly heve gone bl -
alternate rolling and on its back after [
yawing motions 8pPIroxX. 1-1/2 turns
A -do- ——-30-=- | Full with ——-d0--- Made 1/2 of a turn and - -
N rolled on tack
A A Full wp Fuld Stalled glide -— — —
againat
A —nedOemm Neutral =m=@Om—n — — Went into asteep dive
A wendoe== | Full with ~eedOmun —— — Went into erect spin or
. inverted dive
A A Neutral Foll -— — ——
against
A medome= | Neutral JE - - R j— —
A mego-~= | Fuld with ' emelO--- , — R -—
A A Down (10°) | PFuld Pitched into dive T e -— -
against
A A e, [ - Neutral Extremely oscillatory; Made J./lo turn end’ pitched — —
slternate rolling and into a dive
yawing motion
A A =amdo--- |Full with .. - —— — ' ——
A B Fl up Full with talled spiral glide Straight stalled glide -— —
approx. 1/k tuwrn after
reversal
A B =—=qo=== Neutral meedOmwun mealOmnn — —
A B . (e Full - ] [ T, T — —
against
A ] Neutrel {Full with |Wandering, wide radius Stalled glide 1 turns - —
' 7 after reversal
A B v--d0=== | Neutral —m=dOemm Stalled glide 3/4 turn —— —
safter reversal
A 3 ==ed0=== Full - Stalled glide 1/2 turn — -—
against after reversal
A B Full down {Full with |Spin very oscillatory in Same a8 before reversal —_— m——
(20°) pitch end yaw (made
approx. 1 turn in flat
attituds and 2 in steep ' .
attitude, then repeated)
A B sumdQmmw Neutral Steep spin Went into inverted — g
' . stalled glide approx.
U} turns after
'
A B m=edo=m= | .«Full Went inverted —— — b
agdinst N
B Kozne Full up Full Periodically pitched from |Steep glide, extremely - —
(30°) against a flat to & steep oscillatory in roll
attitude and pitch ,
B ~do- =n=d0=n= Neutral Stalled glide, extremely Same as before reversal
. oseillatory in roll
B =do- mwem@0=e= | Full with |} Spin very oscillstory in ¥ade 1/2 of & twn and . -
roll axd pitch went into stalled glide
J
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Elevator
Flight path after
setting Description of model
Houlfiv Afleron aimultaneous full Flight path after
Loading catlon ::::;g:: setting motﬂ"i::agerore control !‘::gzry:&e;::r fuzl reversal of rulder full elevator
12 any and elevator reversal
B Nore Neutral Pl Rolled and pitched on back Roﬂl.ed. into dive - ——
against
B -do- =melQme Neutral Stalled glide, very oscil- | Same as before reversal - wen
latory in roll
B ~do- -—-do--- | Full with - -—-do-—- - ——
B -do- Full down Full Rolled and yawed into dive | Stalled glide, extremely — e
{109) against or onto back oscillatory in roll '
B =do- ===dg=u= Neutral Stalled glide, very oscil- | Stalled glide — -——
latory in yaw and pitch
| =do- ==edO—== Full with | Stalled glide —— — ——
[ =do= Full up Full Stalled glide, extremely Stalled glide, very — —
againgt oacillatory in roll, cacillatory in roll;
pitch, and yaw rotation atopped in
. 1 ture
c =do- ———d G Neutral P - Stalled glide, extremely -— -—
oscillatory in roll;
‘ rotetion stopped in
3/4 of & turn
[+ =do- ———iQm - Full with | Stalled glide, extremely Seme 28 before reversal -— —
. oacillatory in roll
4 =do= Neutral. Ful) ===dO—=e . Qe —— —
against
c -da- —==d 0w Neutral Steep dive Stalled glide, very ——— -
ogcillatory in roll
[ -do- el Full with | Stalled glide Semxe as before reversal — [
[ ~do- Full down Full Hodel yawed and pitched —meQman — ——
(10%) against into steep dive
4 -do- ==-do--- | Neutral |Steep glide, very cscilla- |Stalled glide —— -
tory in roll
¢ -do- m——lQe—— Full with | Stalled glide, scmietimes Model went into dive ——-— -
dived into inveried
position
D ~da- Full Full Stalled glide, extremely Stalled glide, very — -—
(30°) against oscillatory in roll, yaw,| oscillatory fn roll
and pitch
D ~20- mm=@Om—— Nautral [, I — . 7 —— — —
D =do- el m—— Full with ——edf—— e —— —
I -da- Neutral ' Ful) Hodel rolled and yewed into [Same aa before reversal — -_—
againgt mteep dive
D -do- ——] O e Neutral |Moderataly gteep spinm, very|Made 1% twrns and went — —
oseillatory In roll into steep stalled
. glide
b =do- =—do--- | Full with | Stalled glide, yewed and Stalled glide - ———
banked
h -dg- Full dosm Full Rolled and yawed into steep|Dive —— ———
*(10°} sgelnat dive
s
B =do~ L LTS Keutral Yery oscillatory spin, Hade more thaz 1 twrn end —_— ——
wiipping motion fn roldld went into dive
and yew
D -do- ===80-~~ {Full with —==d0emn — —-—- -—-
E -d0- Fell wp Full Viclently ocscillatory in —— — J—
- sgainst "roll, yaw, aud pitch
E ~do- =medOuma Nautral Stalled glide, very cscil- — — —
latory in roll and yaw
B ~da~ e Geen Full vith | Stalled glide, very czscil- _— — -—
latory in xoll
E ~do- Feutral Full Pitched and rolled onto — . —— —
sgainat back
-] -do- ———GiOm—— Keutral Stalled glide, very cacil- — ——— —
latory in roll, sceetimes
rolled onto back
E ~do- ==-do--- | Full with | Stalled glide, very oscil- -— -— -
latory in roll
E -do- Full down Full Rolled and pitched onto -— — ama
"(209) sgainst back
E -do- Q= Neutral Rolled and pitched inta -— _— -—
! vertical or inverted
poaition B
E -do- ==-o--- | Full witk | Stalled glide, slightly — m—— -
oscillatory in roll
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Blevator
. Flight peth after
tiing Description of model Flight path after
Modifa- | 2% Adleron P Flight path af tmul ta: full - Flight pe
Loadin; ght path after full [} necus
& | cation ﬁﬁ:’;ﬁ: setting x:i::&efore contzol rudder reversal reversal of rudder m&:r:ﬁ“t"
if any and elevator re
F None Full up . Full Stalled glide Stalled glide, oscille~ — ——
: (30°) sgainst tory in roll
P ~do- w=ndQewn | Neutral ===dc == Seme 88 before reversal - -—
F ~do- a==do=== | Full with =mmdOmmea Dive or stalled glide -— —
F ~do=- Neutral Full Steep wandering arnd very Seme as before reversal -— -—
against oscillstory spin with
whip -
F ~do- - Keutral ermlDmm- Went into a steep dive -— -_—
in greater than
J%- turns
F -do- ——do--- |Full with ;P —— —— .
F ~do- Full down Full Steep opin, extremely Same a8 before reverssl f— ——
(100) against wandering and oscillatoryl
r ~d0- e=e@Ommm Heutrel Steep wandering snd oscil- |Went into inverted dive -— -_—
latory spin with whip
F -do- meudOmane | Full with mrndQume Seme a8 before reversal -— -
G ~do- Full wp {Full with |Stalled spiral glide — . —
G ~30~ == @Ommm Reytral Stalled glide — ——- ——
G ~-do- =enGOmmn Full =e=lQen= — — ———
againgt
G -do- * Neutral |Full with |Spiral dive -— ——
-do- === Newtral [Made 1/2 twn, dived a Seze &8 beZore reversal -— -—
short distance; motion iz
repeated
G ~do= rmnlOuun Full Very oscillatory with wide [Made 1/'& turn and glided — -—
against radius; might be spin or (moderately steep}
spiral glide
G ~do- Fu].l.dovn Full with |Wandering spin with large |[Made 1 to 2% turns and - —
i 0 Iy
(20 sit"‘hzfe"du“m“‘ went into’ inverted
& P spins
G -do- meedomm= | Neutral mmedOmnm Seme as before reversal oooam ———
G ~do- ———BOmum Full Pitched into inverted spin ——— -— —
against
[ A Tl up |Full with |Spirel glide - —— —
a A e=edgewn | Neutral wrendOumn - J— .
) A —medOnnn Full . — — - —n
., egainst
[+3 A Keutral Full with wendQuae Seme as before reversal —— ——
G A wenlOmmm Reutral ===@Ommn —==dOm==m - -
[ A emendfem— Full [Handexing epin; one yawing Made 1/2 turn and went —— —
againgt ocacillation per turn of into stalled glide
spin .
[ A Fuwll down |Full with |Spiral dive Mede 1/4 turn and vent —- —
(20°) . into inverted dive
G A ---do--- | Neutral ween@Omime Made 3/k turn and went ~-- -
‘ into inverted dive
[ A amndomem | FuL Went into fnverted spin — — —
against
B None Full up Full vith |[Stalled glide ——— - —
b:d ~do- cedom-- | Heutral 7. —— - -—
E ~do- —=elOmmm Full =m=Om—— -— . — —
agalrst
4 =do- Neutral Full with [Wide spiral glide oscilla- {Same as before reversal — -—
tory in pitch .
):4 -do- anndou=- | Neutral .. — R 7. J— — — .
: -do=- enadOmmm Full Wide radius spin Made 1/2 turn and dived [ —
egainsy
b:4 =do~ Full down {Full with |Spin, oscillatory in roll, |Same as before reversal — —
- (200) pitch, and yaw
):S ~do- -=-do--- | Neutral |Spin, oscillatory im pitch ===d0=== -—- m——
. and yaw
4 -do- eenlon-- | Full Spin, oscillatory in roll, [Made 3/4 turn and went —— —-
against pitch, and yew into stalled glide; or
made L/b turn and went
into steep inverted
dive

AER™




36

{INCLASSIFIED

NACA BM L50L29

L]
CBART 8.- SPIK DATA OBTAINED WETH MODEL 8-CORCLULED
%
Jevator -
p Description of model Plight path arter
Loading | MNodifi- Jeving | Mleren oy ontcol | 7itant patn after full | simltaneous ruit Flight path after
ca'.ion movement setting reverssl rudder reversal reversal of rudder reversal
AL any and elevator

1 Hone Full up Full with |Went into a stalled glide — —— -

I =do- ——=COmmm Keutral —wmdOm—— — —— -—

I -do- G- ull oGO ——— — —

againat

1 ~do= Neutral Full with {Steep spin Same 88 before reversal -— P

X -d0o- e lO=— Neutral memgQ=—— ——ndQ=—— — -

1 =d0- o] Full e Dived out after approx. — —

againat 1 turn
-
4
ﬂlf-
f
-
’ -
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CHART 9.- BPIN DATA OBTATNED WITH MODEL 9

[Unless otherwise indicated, steady-spin date are for rudder-with apins of the modél in tde clean
condition with the landing gear extended and stabilizer setting zero and recoveries were]
attempted by rapid full rudder reve::ul: right erect apins

Loading A Loading B ' Loading €
Allerons Against Neutral With Against Neutral With Against Neutrel With
EL u | o u i |pfuiop u| o | u ¥ [p}j ulop u | N D e | ¥ D| U [N D
evators () (@ | (8 @@ | @ | @] @ (ad) | (ea) | (£) (£) | (2} | (a) | (a) | (£) (a)
a, deg - - - - N - - - - = - | K = - - - - - - - - - -
¢, deg - - - - o - - - = - - - - - - - - - - - - -
0, rps - - - - 5 - - - - = - 18 == - -, - - - - - - - -
Y, fps >2k5| ~ > 245|> 245 2 > 25| >245 [>2ks |>2k5 [>245 | >2k5 I; >eh5 | >ak5 | >245 - b2aks 245 [>2k5[245 [>245 | - [{>ob5
n
Turns b B e
for - - - | mod - - [m2d - - - - - |m2l - jmol |med | mot|med|apl | - |mel
recovery 4 4 2 2 2 1 L 2 N
Loeding D Loading E Loading F
Ailerors Againegt Reutral With Ageinat Neutral With Against KReutral With
Elevators | U D (U N D U| D ufnf o | p|uU N p|u |N|D U X D | X D u ¥ D
(¢4] (£) 1) [ (a)| (£)] (o) | (£)] iCeg) | (g} (2) | (£)| (&)} (2) (o) [ (2) | () (£) i (£) | (£) (£)
o, deg - 28| - - - -] - =1 -] - 8| - - L R e - - 3] -4 - - k3] 38] -
¢, deg - U - - - - - -] -] - | - - - =-1-] - - - 2] -] - - | ™| -
0, rps - fo.61] - - - -] - - -] - ]o.53] - - -1 - [ -] - - ~{0.181 -~ | < - [o.66[0o.80 -
v, tps 25 | 162 [>2u5] >2us2u5 | >ausbeus [>aks| ~pals | 89| >akspehs [>2u5|>2k5| - bals |>ek5paks | 10k [>alk5|>2k5pek5 | 1T ( 169 [>2b5
e lasd| sluojlaclnopn chfnch(achl - - | = |nchmoh|achnch -lach \uchinck| - |udblachlast] - | - |n2}
recovery
Loading G Loadirg B Loading I
Adlerons | pgaingt Reutrsl ' With Against Neutral With Ageinst Neutral With
Elevators | U| D U} X D U ip U D | VU " D U D v l? N { D v| K D{ T N | D
(1) | () [(e) [ (&) (£) () | () p(ey [ () | (1) | €=} [CBXCO) (a}
a, deg Nl - - - - 43 g - 69| - - - 39 - - (%] - 67| 43| 62| | k9| 5] -
B, ae || - - - - 10 - YD | v -, - - m| - - - | w}] of [ 2] | of -
@, rps 8 - - - - 0.88 1|8 - | o2} - - - 0.57( = - s - [o.78] 0.6:{0.71]0.730.68 |0.66 | -
v, fps ﬁ >245 [>2k5 >ah5 [>245 7 ‘1’ 2k5 | 116 |>245 |>245 [>2k5 | 18k [>2l5 [>2u5 f 28, | 12217 202] 155 | 1451 158 | 18k |>2h5|
Turns B . n n A
regg:e m2 |meof juel |<2f 8 mok| = imof fmol im2k|nop| >2 - E - e L T T
w L]
o floading I, 1¢ad
Loading A Loading C Loading F i
leading edge &f stabilizer 30° down leading edge of stabilizer 30° dovn lesding edge of stebilizer 30° down  |35,%38° 9 sra
Atlerons | poatngt Neutral With Agetnst Keutral With Ageinst Neutral With Against
Elevators | U D u N U D ' ] U ¥ | » U D julN|p| U &® D U p |ulx D
(c) (c) ] e) | (e) | ge) | (o) (8) [ (e} (x) | (1 .
o, deg R - - = 5 59 | N - |, - - - - - | N -|F - - - EREENERE] -
g, deg ° - - - 3D 20 | °f - - - - - - 1%t -l°] -0 - - 22| 3| ° -
S, rps | 8 - - - 10,57 {0.17 | e[ - - - - - « |af~tsl -1 = = 0. [0.72|s] s -
b3 ] - ~ - -~ (®]-]® > plr| w1
v, fps H - - - 87 87 1 > 245 H ? >el5 |»2ks bok5 | 125 | 12k Pre 9!
Turns 2 s n o nln
1 >k
for ns [ - by | = - by [ my | om | ms |m2h| ms] |- we[med] - | = | = 6
recovery -
Loading I Losding I '
rudder-against spins leading edge of stabilizer 30° down
lmgs_zear_reﬁ?cted landing gear retracted
Allerons Ageinst Heutral With Ageicst ' Neutral With
vl ®f » |vu N D v ¥ D [u|N|D D v D | U X D
Elevators (2) @ .
@, deg (N - |N - - - - « | B[ w[NE - 40 - 6k - 65
g, deg ol o - [© A - = = - |9 of° - 2D - 0 - 1D
q, xps al sl . |8 B - - - - |s]|sis| . o2 - p.68 [0.77 0.8k
plr ? rirp|p
v, fps i 4] 127 {1 [ 165 | b9 | 16 195 |>2h5 |2 | 1|4 | 173 | 216 - |160 |12 | 136
n n n n o|n
Turns
for - - -t - - - hg | hg - L - -
recovery
BSteep spin. Pien launched in & flst sttitude with the rudder againat the rotation,
bﬁacovery attenpted before model reached final steeper attitude N the model ceesed rotating after indicated number of turna,
SModerately steep spin with increasing radius. Jsteep spin with emell radius. .
SModel attitude did not change after rudder reversal. Wendering spin, rate of rotatioh varies.

kwide radius of spin
z’i‘wo conditions possible.
e model recovered in less twrns than indicated.

€8lew recovery.
2Bi:eep epin with increasing radius.
8lvo types of spin,

o
UNCLASSIFIED
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CAART 10.~ SPIN DAT4 OBTAINED WITH MODEL 10 $

[Llnless otherwise indicated, steady-apin data are for rudder-with apins of the model in the clean

rondition and recoveries were attempted by rapid full rudder reversal, propellers off exceth
where indicated

Loading A, left erect spins .
Agpinst
Allerona Full 1/2 1/3 L1 Neutral With
Elevators v N 3 | p % U 2o 3 » v U B K D u X Y
(a) (a) (a) el | () (v) () }(ay(®) | (®) |(a)(®) (a)
8 69 65 T* & B o
o, deg 8z ki 76 | ===~ -] - - . N I T S e s
N -
o [ =) o 20 - 3D I O R
$, tee . o = w | w | | . = e 0 ECA
0, s P 0.7L 0.5 o.60 | =---- 0.78 | - 0.61 11: oa | 055 054 § ] 0.56 |meemm | memmm
V; fps - 182 gk 196 [ >304 196 | >zo4 199 n 262 199 o2th | >30t 210 | >30% | >30%
Turne de G ! 1
for e ® - - ale o 1/2 53 - 112 P " a/e S/ - 2 4
recovery 1/ 1"/2 f>551/2 L i, 4
= -
Loading A, right erect spins
Against \fi'hl?
" Neutral - =
hilerons Full 1/3 /3 fut . )
2
Elevators u ¥ b . 2 u v N D U 3 U U X I
(ede) | 3 (2) n) (s} ()
61 42 7
S R R e g | memmmmmm | e &8 | R
¥ D | oommm ™ —— @D — -
. e B[] — B e _
2, rps s 0.72 0.52 |eweemmmem ] e 0.55 | coccmaae | e 0.52 051 | ... R —— »
Y, fpe H 188 188 > 304 >338 a7k | >310 >33 2l £ >304 > 304
n .
Turng ‘1:93/1.. 51/2 2 a3 d,ey e . 4 dB/" .
for " ® dse 4 g de, 4 1 4 170 -
recovery 1 1/2 kg 3 3/4 2
Loading A, right erect spins, stability
Loading A, left spins z (] 4
e].'Ler'p Ttch = 309 . flaps deflected 25° down
_Against - With Against With
Adlerons 1/3 1/3 Rl Full 1/3 Feutral 1/3
2
2 2 2 U
Elevetors 2y 3U 3V U v N D D u u X 3 v L
3 ) [ | () @3 [ | ) | 3 W | (x)
4o Lo T0 64 50 []
% deg 57 18 86 79 A - -3 [ R
N ¥ P 0 ¥ 3D 120 ip ¥ i
¢, deg a o = U o lr 8u W |emmm] @ - w | | e
0, zpe 5 s 0.33 0.30 s 0.15 0.52 0.5 1 o.10 ] - 0.3 | 0.k0 o.h2
P r r I
v, Ips : : 241 24y i 177 199 233 227 i > 340 280 262 >370
n n
L3 13
Turns e 1, >1 v >11/2 [»31/2 »2
zor >6 |22 3/ >3 « 5 |11/ \3 * /
recovery >6 o e 3 >3 >6 >3
1 1/2
O — e e
B0gcillatory epin; renge of values or average value given. '“\!'_‘JACA’/
bfya conditions possible. A
CRecovery attempted by simul reversal of rudders to full againet the spin and stick
to longitudinally full back. -
dRecavery attenpted before finsl steep attitude. .
SRecovery attempted by reversing rudders to 2/3 against the spin
fRecwery L pted by simult reversal of rudders to full against the spin and of stick —
to longitudally full back and leterally full against the spin.
#Herovery sttempted by simultanecus reversal of rudders to full against the spin end of stick
Iongitudinally roxward end laterally full with the spin. «
F¥isual estimste. . -
Litde radius spin.
Wandering apin.
l_‘stet.p spin. —
tModel recovers in a steep dive. -
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CHART 1l.- SPIN DATA OBTAINED WITE MODEL 11

[Unless otherwise indicated, steady,spin date are for rudder-with spins of the model in tke clean
condition and recoveries were attempted by rapid full rudder reversal, elevator U, N, and D
signifies stick positions of back, neutral, and forward, right erect spina]

Loading A, rudders 4 .
egainst {'.Ee spin Loading A Loading A, flaps down h5°
Ailerons Againsy Neutral  With Ageinst Neutral With Agaizst Neutral With
U N D U X D i) X D U ¥ D i) X D v R D u X D U|vU N|D U N D
Etevators | ) | (o) | (a) { (&) | 03] 03 [0} | (@) [0 | @) | () | (@) [ (@) (@} @ | ) | (B) |(B) (a) faglfae) (aya)| (v (v
a, deg - -1- 1 - -[-T-1-0-1-]-1eeJes|8} - - 1-]o0o {go[8 |euf88|ssjeul - |- | -
- - - - - p (39D} 32D 36D [20D(3D | 8D fi9B
g, deg O R T I B T B ] 3gu Bouj - | - [~ | | €] 3ou|esu|du 1w i N
, T8 - -1 - - IR -] -1 -]-1]1~ lo13p.08J|or0] - [ - |- D.69 |0.040.22/0180F (0251019 - | - -
v, fps - - - - - - - - - - - - 121 121 | 118 - - - | 207 |113 {123 |118|118}116 118] - - -
Turns for ’
Tecoveryl - - - - - - - - - - - - eé- e% e% - - N PRI (] [ [ P R e - -
Loading B . Loeding C " ' Ioading D
Ailerons Against Neutral With ' Against Neutral With Against Neutral With
u ¥ D u N D v ¥ D v " D U ¥ D U N Dl U N D U X D i) R D
Elevators | (59 (a} | (&) (a)] (a) | ¢®) () | (a) (a) | () (a) | () ()] (2) (a) | (&)} (&) (v} ()
a, deg - - - - - - - - - =1 - - |8 - 80 - - -] - - - | 80|83 - - - -
R N I N R R I . 33 30D : 19D | 42p
8, deg : B - B b I B S B T B - Ot i e B e
Q, rps -1 -1 - - =1 = “-l -] - -} -1- lo.ro| - Jo.12] - - -1« | =]~ |o.08]0.06] - i -
v, fps - - [ N N wi .- - |- 1- 1118] - 18§ - - | -] = |~ .~ 121 | 121] - - | - -
Turns for . e e e e
recovery| ~ | ~ - -t -1 - o B - % - '12‘ - L R A T 13; i’f - - |- -
Loading E Loading P Loading G
Ailerons Against Neutral With Against Keutral Wwith Ageinst Neutral With
U X D U X D v N DU X b U X pfu N D lJ X|D v{ §| p| D U X D
Elevators | (g) () | (a) (a) | (v) (v){ () (a) | (8) (@] (v (b)] (a)| (a)i(s) (e (g) | (w) [(n) ) (1)
a, deg - |l -1 -1- - - -1 - -l =-1- -l 76]e-f 2] = | = =1 -} -} - |56]57] k2] 62} - | - -
8, deg S T P A I I I O -2 e v I I R P A T 1 - =Y (R A
Q) Tps -l=-1- - - - - - - - - = [ 0.08] can [~ - - - - - | - PI5p15[0.20] «== | - - -
Vv, fps - -1 - - - - - - - - - - 1123 j123 |121 - - - - -1 - pe5pesnzsji1s| - - -
| f3
Turne for e [eg fe £ 3 T
recoveryl -~ | - | - | - -1 - -1 - -1 - 1- -5z % |- SRR BRI B E - <) EYR I -
Loading E : N Ac A 7
Ailerons Against Neuiral With
Elevators u K D u N D U K D
«, deg ———w | 58| 46| 58 | 52 4| 32 |33 35
¢, deg - | BUj1W | 5U | 6U |220 | WU |6U | SU
0, rpe 0.39 |0.38 0.40]0. %1 jo.39 | 0.%2[0. k3 Jo,k2 [0.k6 !
V, fps 123 | 129 135 118 123 |1k | 160 157 | 160
Turns for 1 1
recovery| = 5| » = ® o >25 >hE @

80scillated violently im pitch and roll. Rate of rotation decreased as the violence of the oscillations increased.

PInitial rotetien stopped. Fuselage repained approximately horizontal. .

SInitial rotation stopped, Model then began to rotate ir opposite direction end oscillated violently in pitch and roll, Rate of rotation decreased
as violence of the oscillations increased. )

doscillated in roll. ’ :

€Fugelage remained epproximately horizontal after rotation stopped in mumber of turns,indicated.

fipdel nosed over into steep dive after rotation stopped in number of turns Indicated.

Bmvo types of spin, .

hg11d around with large radius, Nose approximately 4o° below horizontal.

1811d around with large radius. Nose approximately 409 below horizontal.

CONTEDIETTT,

After a few turns nosed over and went into inverted.dive.

I
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CEART 11.- SPIN DATA QBTAINED WITH HODEL 11 {COHCLUDED)

Loading A, Loading A, Loadt, .
o ng A, frealy rotating
Loading A, lamding condition Loading A | flaps down U5°| Loedlng A |fleps down 450 propeller inatalled
Adlevons Against Neutral With Modi Aﬂ.ut ion Mod.!.:i cation Moﬂi;icaucn Modd gicltlan Agatnst Neutrel Wit
U n B|UTK D u N D u N D v b D u K b L | D u X D|u LR u K bl
Elevators |¢4) | (a) | (a){ (4} [(a) J(a) j(v) (o)] (o} (v} (3] Cadf (@] () |€3) |€d) ) (x| (@) (x) [{a}} (a)] (o) (ayica) |Ce) ) (el {b)
o, deg 83 8o|68 | s2|eg |-t -| -| ~| -] -1 ™ -]-1- -8 -]-]-] «l-|s|8|-] -] -
N 39D| 4ap| kx| 21D| 16D 20D 16pf 21D h1D D
#, dee  |5iu| sau|whw|osw| 2gu] agw| < | - | -} - - < Juwiip| |- |- e F- |-V - §fu %‘} = -1 -
1, rps 0.15] 0. 140, 1770, 17(0, 13{ 0. L] - - - - - = o101 - - - - 0.3y 0.27 - - - - = [0.07]0. 2 ~ - -
v, fps 123 | 122 | 121)121{ 118 121] - - - - - - | 116] 116| - - - - |1 100 - - - - |121{ 121] 118 ~ - -
Turns fort  1|e 3 e e e3 | _ _ _ - _ L |eal e . . _ = 3| ® . . e |[e | e b
recoveryPiz| 4|7 || ® 5l 2 gl® R kIR
Loading A, modification ¢ Loading A, modification D Loading A, modification E Loading A, modification F.
Aflerons 1 gaingt Neutral With Against Neutral With Against Neutral With Against Neutral With
Elevators | U N{pDJUu|®|D|VU| N|D| 0|l F|.D|V| N|DJU |X| D| U| K| D| U ] D, u|x; . pju| ¥l D U ).} D Ul ¥ D
(= (¥ {4} (a) [{m} (m) (a) (a)|(a) | (d} ] () | (B} ()] (a)| (o) (a)] (n)] ¢n} | (m) | (0| Y CB)
a, deg = | e =] =] =] -] <] ~{=] -] Al -] -] -] -{-]|T6) 8] -] - «]~]~]-]-] -] -]~-]=}~f-
AT - = == - - = o e S ST == - - S - - -] - |
#, deg iov | keu ‘
yrps  f- | wfet == =[]~ -] -T-1T-1-1-1-0-[- - -[-18e®] - | <t -[-j~]-1-4 -| - -4 -|-] - »
v, fps R R I ) G e I S S R G I O B R A A B B B SR AU BCH T A BRCH IR B B
Turns for| _ U SN I P R O O N (N N IV S B N DO IR R SR A 9& ey _ ) -
Tecovery Al il I R T s A A A I I i B
Loading 4, modification G Loading A, modification B’
Ailerons Against HNeutral With Against Neutral With
u N b u N D v N nju R D u N b v N ]
Blevatora (a) (a) (v} (a} () (1)
a, deg . - | - - -{8] - - -] -1- -] -] -F8&] -] - -
- - - - _ {1 _ - - - - - - - | 20D - - -
g, deg P 300
Q, Tpa - - - = | = | -] - - -1 -1 - = -] == -1~ -
V, fpa - - - - - |1 - - - - - - - - 120 - - - -
Turns for | . et . N i N e% _ _ .
recavery - i b
S0gcillated violently in pitch and Toll. Rate of rotation decreased as the violence of the oscillations increased. . —_=

BInitisl rotation stopped. Puselsge remained approximately horizontal. .
©Initidl rotation stopped. Model then began to rotate in opposite direction and oscillated violently in pitch &nd roll, Rate of rotation decreased

. as violence of the oacillatjions increased. .

S0sctliated in roll. .

“Fuselage remained approximately horizontal. .-
Jinitial rotation stopped. Glided forward rapidly with nose spproximately 15° below horizontal.

kipitial rotation stopped, Mcdel nosed over into steep dive.

1011de¢ forward rapidly with nose approximstely I15° below horiromtal.

ZInitial rotation stopped. Glided forward for a few feet 35° ‘below horizontal and then nosed over intc a steep dive.

AInitial rotation stopped. Qlided with slight rotation to right. Fuselage approximately horizontal. Oseillatiom in roll of spproximately 225°,

| LUNCLASSIFIED
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[nless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and r 4es were ai pted by rapid full rudder reversal, elevator U, N, and D

signifies stick positions of back, neutral, and forward; right erect sping)

Loading X , right apins Loading 4, lef't spins
AMlerons Agli;llt Neutral With Against Neutral With ]
Elavato U N ¥ [D|fres| U | N | D |Fres| U [ N | D |Free| U | XN | D|Free| U | N | DiFree| U ; N D | D iFree|Free
Svators |(a)|(eb}|(be})le) (2)[(a)i(d)} (o) | (d) (&) (d)f(a)i{m)f(e) (e)i(d)i(alf(c) (c)|(d)[(d}|(ba)l(bi}(bd}] (b)
90 | 95 91|76 | 73 | 88 83 182 |9k 66 |86 35 (o7 | 71 79
a, deg h | 59 ™| 58 2| 62|~ ZZ 57 {54 155 54 {69 2 Zh» Zl " "] 52
6ul ou| ® |¥ | ¥ |12v|ezvf19v]28y {28u|___l6y |20 frou|.o ¥ { ¥ "[ou [130f¥ | ¥ [12u]19v|100 uy| ¥
g, dee g5 |17p | © [o ] © 18| 50| 12p] 7p |19p|=="|18p|15p | ép|?U [° | © |izp|18p[® | © |12p aﬁn 70 |~""f 21| °
s |s|s s| s s | s s
0, rps  [019|0.15 2 P ;i, 0.190.210.24 0. 20{0.290.1 50,21} 0. 21} ==~ [0.11] 5’_ p [o.230.1Yp | p [0.15/0.09[0.16[--=[0.26] p
i i i ES
v, fos J182(182 | ® [® | ™ 118z|171|a7h{171 fa73f71|171j166 |a79|17R|® | ® lavilara|® | P |171|161|171 |---[285 | ®
1
Turns 1 {o1 fo1 (B2 1 |rl |2 1 sl 1e2 | B5 3
oz |£ o, &) |g;| gL {ed [£3 hyl |2l [e2 ol |r ol el | "2 r
for I 1 (% |5k 1 M —
recovery f 2 L 2322 815 21 2|2 L{L Ll L By 4
Loading A, wing=tlp trimmer
Loading A, wing=tip trimmers used used in conjunction with
Loading A, wing=tip trimmers in conjunction with the rudders, the elevator. 2 to 1
uged in conjunction with 1 to 1 deflection ratio betwaen deflection ratio betwaen
the ailerons, 1 to 1 deflection the rudders and the trimmersi, the elevator and the
ratio betwaen ailerons and Trizmer moves up as adjacent trimmers , Trailing adgs
the trimuers rudder maves outboard. of trimmer moves up as
tralling edge of elevator
moves dom.,
Allerons Against with Against Neutrsl With Againat | Neutral With
Elevato U|D|Free; T D D IFres U |D|Free(T| XN D |Freel U N D [Free|Free|] U { D U Dl VU D
evators leyfe)| (o) [ (a) [(ab){ (b2)] ()[(N[(I)] ()] (I (dk) (J) [(a) [(a) i{3) [(ab)[(bi)}(c) |(c) [(c) | (d)] (&) |{d4l)
i 78 i__.1 71 81 88 7k 60 | 92 | 92
o, deg NIN| ¥ 25 59 [~777] 56 IN [N | N ¥ 71( w N 65| 6o | x Wl N | N N | 87 ?u ?;
¢ |o (] o |o -] © o -] © (-] o -] -]
[ STY-SE R A 299 dwl___f 2y ) | o W s l2uf 380 2u 3y + Lhul 230
1 Y s 8 s s s
slele |3 2hp 6D plele | o k3D) s | » | 31 130 7 p| S I s | 30 47D| 22D
111 2 111 ] 1 i i L i i 1 i L
ﬂ, rps nin( B 10,17 0,18} -~~~} 0.27}2 R | B nio,08 n 0,120,120 R |o0.16| ® n n n 10,18/0.21}0.18
v, fos 171 [ 17l | ====] 17} 171 ’ 182 | 189 198 1704 289 | 72
Turns 1 1 1 1 1le,2
for LS LD R L e of |o2 —-— hy= ey *ﬁ
: : 5 g | o
Loading B Loading C
Allerons Against ' Neutral with - Against Neutral With
Elevators U D D |Free U N D |Free|Fres{ U | D D |Fres| U D |[Free| U N D |Freej U D |Free
() | () | (ba)} (m)| () [(a) |(m) |(bd}] (b)| (d)](bd)](bd)}j(ak}|(a) (o) {(d) [(a) |(d2)f (d2)](d) {(d2)] (p)
o, de h 92 68 | T "70 75| 181 89 87 | 96| 77| 72173117 .
» o8 b1 72 52 58 L7 {581 55 30 | 60| 561 57 | 60| 60 |™™°"
N N N N N ) N N
100 580 16y 20 | 28u} loui 17u| sou 38u| 56Ul 22yl 13u| 20D| 320|.__.
goaee | ° | ° |1p|°|°® |%p|°® {op|° |350] 250| 17| 250 Z50] © | © | 38p| &7o| 31p] 7o| Lip| 2op
8 s 8 s 8 ] s s
0, rps 11’ g 0,11 g 11’ 0.09 g 0.18 !; 0.17/0.16]0.15/0.18| 0. 23 Pi Fi’ 0.20]0.17 0.23[0.24[0.19|0,25[ ~=-=
v, eps | % % fas2| ™ | ™ |m2] ™ 182 ™ |ago {182 |177 {185 290 | 7 | " 179 {183 | 177 |79 |7 |27k |----
Turns 1 1 | P2 1 1 1 1 1
fon —— ol hy ol fﬁ £l . ol (1 [ny |nd [e2 na2 | ...
recovery 2 2 2 n% ﬁ 2 |2 2 | 2 T
Suoded oscilletory in roll snd pitch; range of valuss or Jl(odelsgnad in a circle of extremely large radius at &
averasge value given, hi sngle of nlttnck. Rotationel veloclty was low.
brwo conditlons possible. kmndering spin.
CModel recovered by pitching and/or rolling out of the spin. IModel osclllates in pitch and wanders; appesrs to gellop.
Motion during recovery was extremely violent. ®yodel recoversd of its own mccord in a wide spiral glide.

d0soillatory spins range of valuss or average value given.

8)ftor recovery, model glided formard at a flab attitude for
an appreciable distance before striking safety net.

L)rter recovery, model glided forward at a flat attitude for ve .
a short d.ist;nce before striking safety net. Pyigh rate nf descent. Model sxecuted one viclent

oscillation in pitch per turn of apin.

"yodel recovered in a wide spiral glide.
°llod91 wént into an inverted spin after a short vertical

8After recovery, model glided forward at a flat attitude for

a short distence and then nosed down into a steep dive.

hArf.ox- recovery model nosed down into a steep dive.
_"Iodcl too oscillatory in .pitch snd roll to test completely.

Sormm——
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CHART 12.= SPIN DATA OBTATINED WITH MODEL 12 (CONCLUDED)

NACA RM L50L29

Loading D Loading E
Allercns Aceinat Neutral With Ageainst Heutrel With
- U |N |D|Free|Free] U | ¥ D |Free|Freef U | N D |Free|Free] U | ¥ |D Free| U {¥N D D |Fred U { N D |Fros
Elevators Jrejl(e)] |(badl (by)dy]|cayl(a)] (ba)| (ba)i(d)] (bd){ (ba) (br}] (b)) (a}](a)(elilc) Jed)j(c) (b} | (bt f)Neayf(d)red}i(y)
e, dog 57 7385 hof 73| 52|75 | Sk, 761, |95 |82 98 93| ga(98 |02
i L1 21]48 | 39 50{ 37 |63 | 55 b3 yy 165 68 6l 65{79 | ol
K| MIN|aap ( W 21y(50u|80 | 110 [ 10 {300 19U o [13v |61u[z50[¥ | K |3sp[¥ | Lhav N fahy s9u( B
#. deg jo [ olol"y" | @ lyaplianisn | 7p | asp lzgf o |77 bo| 6o {hapfein|® | © )isp]® | u7o|™"] © Juko{TT"|ubo| ©
s | s|lsf7 ] a als [T s El 1
(), rps ;11 ? ;i 0.18 f 0.13(0.2010, 1% 0.23 0.21]0.2d 0.22[ ---{0.20] 0.17]0.16/0.17 ;1: E p.18 g 0,82 wen ? 0. L60.1%0.16 ;i:
v, ros |7 | P[Plaok | ® |174{172|2050177 206 |177] 177]---|182 |208 |193{185{" | ® |182[ {285 }---| ® |179[182[a71| *
Tyrna ] 1iel |nlfn hy [e3 [h,1 1,1 el |a ° a3 I3 lo, [ed
regg\xr‘ery - aE 2¢ 2 1 2 L 15 e 11: =z 1 1 |5 E 117
Loading 4, flapa down L5° Loading A, landing gear extended Loading 4, landing condition
Allerons Neutrsl , With Neutral With Ageinat Keutral With
. D |FreslFraei U D [Freef D D D |Frea|Fres|{Frea}l D I|Free] D (Free| U u N |Fres| U | D [Free
EBlevators }(d) [(bd]|(be) (a) [{dr)p(at)|(de)| (ct)|(ae)|(as)| (st))(a) [(a) {(1) [(a) {(ba}{(ba)}(d) [td) {(d} {{a} |{d}
do 798 __|___ |8 8| 72|66} 60 | 0] 61 | 65 66 | 1659162 65 | 78 { ok
@ 988§ g2 | 63 39 [ bo} 57| bt Ly | 37 L6 | 52 22 {"777| sk [ 69 [ L7 |58 |58 [ a9
E
ou] 25u{___ {__._{ sv 50| 1uf____ — o | 6u|____{| l2u| 27y] 9u | 20| 15U 13u
#, dee | 270 16D so | 2® | 10| ep o | 30 8o | 3 , | 2077 20| koo 3o | 150| o] 150
Q, rps 0.2110.19)memajmrea[0.27]0.15]0.20{0.19] »=~=}0.15] 0,25 ~-~-10.160.16 ? 0415{~>u=]0.2l4]|0.05]0.16 |0.26]0. 10 }0. 4
n
v, fos 179 |179 |=~-=}---=[175 |179 |185 {198 |~---}182 |201 |----]195 |19% 198 [--=~|17c [171 |188 1179 {175 }183
Turns 1 B2 1 1 1 1
h,1f h b3 | b3 |hu3 |hul hul w3 | 2 hl ol | ¢ [hul § £l |pul [ pul
£ 1 | ——— = P R, (R p— . = ]
ree::ery L E Bi{y| & 2 & b |By 2 2 2 L 3 5
Brodel oscilletory in roll end pltch, renge of values or #¥ondering spin.
averege value given. Iyodel odéilletes in pitch snd ¥emders; appears to gsllop.

bpywe conditlions posaibla.

9yodel oacillatory in nitch and roll, tou wandering to test.

¢rodel recovered by pitching and for rolling out of the spin. Pygge1 gscillstory In pltch and appears to gellop; range of

Mgtlon during recovery was extremely violent.

velues or aversge value glvan.

dngeillatory snin, ramngs of velues or sveraga velue given. Syodel apins steeply and smocthly with radius of spin too

®irter recovery, model glided formard at a flat attitude for large to test.

o an apprecisble distance before striking sefety net.

Lifter recovery, model glided forward at a flat attitude for
a short distance before siriking safety net. vertical dive.

Barter recovery, model glided forward at & flat attitude for ]
& short distence, snd then nosed down Intc a steep dive.

hyrper recovery model nosed down into 2z steep dive.
i!J!c:del too oscillatory in piteh end roll to test completely.

Fodel yewed in & circle of extremely large radius at a high
angle of sttacice Rotational velocity wea low.

UNCLASSIFIED

trhree conditiona possible.
Wyodel piltohed into an Inverted flat attltude after short
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CHART 13.- INVERTED SPINNING CFARACTERISTICS OF THOSE MODELS FOR WHICH INVERTED SPIN TESTS WERE PERFORMED

[Model loadings as ghown on table II, clean condition inverted spins performed with models
spinning to pilot’'s right, rudder full with the direction of spinning rotation, recovery
attempted by reversing rudder full sgainst the spin, no modifications on modelg)

Model 1, loading A Model 2, loading A Medel 4, loadirg A Model 5, loading A '
Atlerons Against ) Heutral With Against Neutral With Against | Neutral Wi?h Against HNeutral With
vulsgf o fu | n [>D u ¥ [p] vi{p |vujn|o| v |xip|lujn[plufn[p|uixn|D v U | Dy
Elevators (a) (a) (a) [le) (d) () | (a) ] (a) ] (&)
: 1 0
o, deg N|N| 76 |47 k2 | 52 7 | 55 [---|- v | v | F|n|xK )f, | ef{w{minin{nin{n|- 22 ge 2’2’ gl 15‘?,
o| o o o olo o 6U o|lojo|olojojojo|Q ku uu 5“ = 5u
w ... -
f, deg sls Sl ke w i ] s sle s8] | |sle|sfs|slalalsis 20D o | ép) &
] p| 2[0.72] 0.36] 0. 491 70.59 | 0.% p|p |p|p|p[o0.30 plele|ripielo|p(p|T 0. 0.32 0.3 0.39 ©.
L B A R Rl R K GRS [ R B E R R I i|efafafifele]s] 5 # 0.3 0.3 0.33
v, fps n{n|158 | 227 {235 [173 [ 175 {193 [-=-| 2 [ » |n|n [n] 229 ofafalnjo{nfa|nfa]_ 203 | 220 200 | 91| 21k
e,
Turns for i - 1/2, [, /%1 1/
recovery LN 2 = ¢ ® - 12 3/‘l-, 13/4 !3/10 1/2
Model 6, loading B Model 7, loading A Model 8, Loading G
With Against i With
Ailerons Against | Neutral % Ll K Fa11 % Neutral % FaiL Against Neutral with
T
srevatons | 7| ® ] 2 (0| ® o] 0| v ¥ (ol vl w|n|3 |Plu]n]» Plelale Ju v oo [s]o |
: (3 (B [ak))(2NCad |(3) | CR)|(2)408) Ja) {Cm) {Cm) |(m) o) [Cm) {Cm) | (o)
o, deg K| N} N{N| R[N R] s0 46 g2 |78 (W] 7 [¥ | wlwln|n|wix}jnls (v {n x| [N |x ¥
1] -] o710 o]0 -] o -] -] [ ] o ] o o o -] o -] o o
¢, deg D 3D 10 | 1 14D N
5 5 8 (s 8|8 B B 8 8 a 8 8 a 8 8 8 B B 8 B B 8
pip{P(p|plp|> P pip|lpirp |2 {o|eojep | |{p |2 {22 |2 P
S res Ja|if1|afafiji] o6 0.48 fo.s0f 038l okojy) 037 |y filsfifyi batafeds Je i |- f1l%}3d
V, pr n n nn a|ln n 221 233 250 156 186 . n 210 n n n n - o n n n n n 3 N o n a
el ek w3 | 1
Turns for <2 BL 81 L i;’i
recovery 3/%) 3/% 3A; 34 1 1 1 a
Bor g 1k
3/%, 15 23, aL
Model 10, loading A Model 11, loadinrg A Model 12, loading A
Atlerons Against Neutral | with Against Neutral With Against - Neutral With
U N v julwlplul vl [u]w[ofulnlolree | v ¥ | D D | b Free| U X D D |Free
Elevators (a) (o) (o)} {(x) (8} |(8) ) (x)(e¥ W) (W)} (w) [ (a) [ (&) ()(w){a)(w)|(w) () |(a) [(a) Ja)(x)fm)(x) (a)
. ) NININ| K |8 {101 8 [n| B || BT 81
@, deg b7 Sl -l-l-1 B 8 -] cfolo| o |69 57 ] - |55 Jo| 47 15 |67 |51 T L6
¢, deg 6y 3w | &y i 30 | SoU | _ | e sl ew| mwha | | [
6D “)pClC 1 c) spfa8p| || s[Bf8| B | 25p | 5kp 130 {® | 4ap | 20D | Sp [14D )
9, rre 061 | o0s8] -] -[-[-} oo oo -[-]- 2|315| } [o-13[0-8] - | 0.18/5 [ 0.a7 0.15 o.140.20| - | 0.2
v, fos  |epprox. 250| 19k 250 | -| -~ ~] 222 mea|-f-]- P PR ® |176 182 [ - | amh |® [ a7k | 171 267|176 - | 116
£, 1-1f2 £ £, £, |, & T 3/4 y. - f 3y, v . N
Turns for | - i YAy : 3 12 |14 |11/
recovery 3 53 1-1/2

8kgdel oscillatory in pitch,
bModel went into a steep rapid spinm. )
SModel vent into spin that was oscillatory in pitch, rate of rotaticn, and rate of descent after rudder was reversed.

scillatory spifl; range of values or average value given.
SWandering and oscillatory spin.
Visual estinate.
BRecovery attempted by neutralization of (1) rudder and ailercns, (2) elevator and ailerons, (3) ailerons.
Diodel pulls out in & dive, rolling about lomgitudinal exis.
Ipogel Mulls out in stalled attitude, rolling about longitudinal body axis.
Hodel rolls erect remaining in e etalled glide with rolling and pitching oscillations,
kModel remeins in a glide.
Model launched with rudder against spin., No spin obtsined.
Ient erect.
BModel immediately rolled with ailerons into erect position, pitched into inverted poasition, pltched back into erect positior and dived.
9Q0scillated violently in pitch and roll. ‘
PIncreased rolling oscillations caused model to go into stalled glide.
9Cane out in & steep or inverted dive and tended to pitch into flat inverted position.
TInitial rotation stopped; fuselage remained spproximately horizontal.
S0scillated in roll,
Fuselage remained approximately horizontal.
UModel recovered by pitching and rolling out of spin; motion during recovery was extremely violent.
VModel too oscillatery in pitch and roll to test completely.
¥Three conditions possible.
*Two conditions possible,
After recovery model glided forward at a flat attitude.

m
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CEART lh.. RESULTS OF SPIN-RECOVERY PARACEUTE TESTS FOR MODELS

NACA RM L50L29

[Model in clean condition except where othervwise indicated; all reaulin are
for spin rotation to pilot's right, dimensionms given are fu!.l-u:ale]

Modedl

|Attitude

Para-
chute

owlin

location

diam-
eter
(£e)

length
(£

Drag
coef-
{cient|

Lasding

Turns for recovery

Elevator

[ |_2/u

Allerons

Neu-
tral

Aga-
inat

With

1/3
155t

1/3
with

Neu- pzah
tral

hge~-
inst

Heu-
tral

Remaxis

Erect Outhoard wing | 5.0 | 2.5 | 6.70 A B e B oy By P e 'l‘v::in: -tg:ched betwesn pitch flep
-do- d -do- |15.0 | -do- | --do--=| =1, 1%- L el el el el el Bl Do,
-do- d “do- 30,0 | -do~ | —-do-e |ee—- 1, 1% LI e e I L Bl B De.
-do- a 7.0 | 25 | -do- | --doec [ --mm E,- LY Y R E, 11.. LI PSS Do,
wdo- - a do- | 15 -d0- | «-@0ec | wmm- T"i, 1-21 L 1&, of & | wmamfaaaed Do.
-do- a do- | % | -do- | —mdoe- | == é,%ll, Py [ p— .;-, 1% [ — Do.
2 ~do- 4 8.8 | 2.3 [ -ge- | —-dowe [---- 32-,"‘3, 89l ====1 =~ -2¥, Y e [ e De.
-do- & -do- [ 15 =40~ | eedowm [ cna- é,ﬁ%;aﬁ [ R i.,; %, Y [P g Po.
-do- 4 -0~ | 30 -do- | —do-- |o-en| 2| 3k |em-]—--- |1, alad, 4 - e Do.
-do-  |outboard wing tip | 7.0 | 10 do- | <o | em |, B 2 |- o] 1 1, 1 een [ eaen
~do- 4 -do- | 30 | -do- | -ddo-- |eee} 2 pladloeof o 31y, off - |-
-do- d 5.0 | 10 | doe | taom- | e[, 1 PR3k | eene] e RIS | g e f e
~do- A do- | 15 ~d0= | ==@Dem | w=m- ]3:, 1& LI .-.-=>3éJ [F [
~do- 4 “o- | 30 | -do-ftom ||l Mo e | ol > 2w | e e
=do- Putboard wing tip | *.0 |19.50 | -do- E JESSIDR i i 312- e e B mmmw| memn] cwee| ZS-percent semispan slate extended
-do- LO to- | 975 | -d0- | —-do- | weme| —me- 3%-,1. [ B s el Rl B Do.
-do- 4 5.33 [19.50 | -do- | wudomn [ —mnl woes 2y b —mee] mmee| emmm | oo o) e Bo.
%o~ 4 0= | 9.75 | -40- | -=do=m | mmee| =omm z-;_,% P e ] sl B Do.
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UN

CLASSIFIED

o y———



 UNCLASSIFIED

NACA RM L50L29 .

CHART 1h.- RESULTS OF SPIN-RECOVERY PARACHUTE TESTS FOR MODELS - Concluded

.
Tirns for vecovery
Elevator
Para-
chute {Towling Drag u - | 2/3u I N D
Model |Attitude Parachute diam- (length [ coefw | Loading Remarks
location eter | (ft)[fictent Atlerons
ot
{ee) Aga- |weu- [wien |33 1/3 [heu~ [witn [aga- |NWeu-
inst | tra) st |with | tral inst jtral
Erect Tail cone 3.6 | 271 [o.70 A .21_ JI— - x/& = 0,14
0= [emmmcmnc@Oacenan- 4o~ | ~dom | =d0m | =mdgmm |=eewe momen|acmedlceeos RIS FN (S F—. el, Do.
TN p—— T Y 4,5 | -do- | <80~ | =-dO=r Jemmen -E, | R PP P R SR S J—— S— Do.
~do- do- | -do- [emdone fommmefcmmma|amean N p— RN SN - 2,22 Do,
-3o- -do- | -do- G wmmaell, 2 |m=eme ———— Do.
~do- -do- | 380 | =do- |-@Omm |semmmfemmecfcceec] cneed] RSN [V S b, 28 Do.
8 -do- 7.1 | —do- | <do- ]aedoaw [-mm=-id, B [emeefoemen B e ey EE Do.
-=do- -do- | -do- | <80~ | --foer |mmmmmfammmadamcan)mmanlaoman PR NN 11];" 2 Do.
TS S T T— -do- | -do- [ -do- |--do-- [em--- % ------------------------- mmeme faaae x/e = 0.19
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[T L —— -do- | -do- | -do= }-cdome |m=a- mmemm - B D ety BRI P h, 1% " Do.
=30~ o ————— Q0w ——— =do= | ~d0- | =80~ |a==@O=m |===-= ® | emmee] ceema) m——— mmeme amaen e %/3 = 0,19
-d0n | ammmmccedOmmmmmnn —do- | 80~ | ~dos |=cd0em Jemmeelemmmn|emmma] cmmenf cmmen e fe e e L3 .
do do. do a0 do- do i Do
- Arrestirg gear . L
, -do mact Cagey | 133 | 30 |0 A (S R | T >3
[T R - 16,0 | 30 | -do> [--do-- PR £ TL 30T iy Y I I
3 -1/,
30 cemmmamedOmemanen| =d0= 23 =0 |==d0mm  [eemen]cmcmefamman [OOSR DEPUIDY VU IO (S SO
-d0-  |emmmemea T Y -do- | 15 | -Go- |--do-- <] p— [ [ [ Y [ St
~d0-  |wmmemecedOmmanen- 20 30 | -G0- {--dOms  fmmaun J ) [l R Sy § W ) S S
.U [T S— - 15 | -do- |--do-- J—
Arresting gear bg 0 Two perachutes ~ wing ti: ,
_do- t thoard oo 3 w30~ | endgen  |rmeme|mme—-fe—aa— ——— SNV, SV (I S, P ~ wing tip
do. 1::; o;ngi :‘é arg 13,3 Q Qo do. 2%;"‘2 parachute attached at c/lb
b
do- argt e | to- |--ton- Do.
10 = -
TS (—— T Y— sl -l [T R S CYS S S— ] Lt . ] EEEY U R Do.
B
0w fammmmann PP i oS ool R[S0 TSR S SRS (- E— e e —— Do.
B
PSR U A— e el B B e Rl el e — Do.
B do-
-do- c:gg: g°o ~do- [=-d0-= UV (PN Do.
Bodo- | -do-
PSR PTR— N [hesyoll -l (5P R N NUUE U S RS- R e ——- Do.
b.30- | -do-
-do- o |5 | o S Do,
Dedon | «d0n | emmon [memmmam fammae JRUSIUUIS (RN NPV AU SN SV N A
do- [T 7. S — 2| 8 1, 2 Do.

Vicual estimate. '
bAttac'hed to arresting gear mast.

“Attached to outboard wing tip at the c/b line,
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Figure 3.- Mass parameters for loadings tested on models. (Loadings found
in table II.)
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Figure 5.- Modifications tested on models.
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Figure 5.- Continued.
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Figure 5.- Contlnued.
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Figure 5.- Continued.
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Figure 5.- Continued.
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(a) Rudder detail for model 1.
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(b) Rudder detail for model 2.

Figure 6.- Details of drag-type rudders used on models 1 to L.
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(4) Rudder details for model L; split-type rudders.

Figure 6.- Continued.
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Figure 8.- Arresting gear mast for tail parachute attachment of model 10.
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